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INTRODUCTION. 


the past five years Hans Berger (1929-1933) has published 
series papers dealing with remarkable electric effect which can 
detected the human subject electrodes applied the head. 
consists rhythmic oscillation potential with frequency the 
neighbourhood second, appearing when the subject lies quietly 
with eyes closed and disappearing the attention fully occupied. 
Berger records pad electrodes the scalp or, preferably, 
needles reaching the periosteum the skull. finds that the waves 
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are larger when the needles are over opening the skull than when 
they are over the intact bone. From this and other evidence con- 
cludes that the potential changes are produced the cerebral cortex 
and that they represent fundamental activity the brain. 

During the same period number workers have recorded the 
potential changes which take place the exposed cortex animals. 
Their findings have been difficult reconcile with Berger’s the 
potential changes have been much less regular and have rarely shown 
any sign persistent rhythm second. Our own work 
animals (Adrian and Matthews, 1934) led the same direction. 
found difficult accept the view that such uniform activity could 
occur throughout the brain conscious subject, and this seemed 
Berger’s conclusion decided repeat his experiments. The 
result has been satisfy us, after initial period hesitation, that 
potential waves which describes arise the cortex, and show 
that they can explained way which does not conflict with the 
results from animals. 

The present paper chiefly concerned with the nature the 
potential waves, the structures responsible for them and the kind 
activity which they represent. anticipate may said that 
regard the effect due spontaneous rhythmic activity group 
cortical ceils some part the occipital lobe. These tend beat 
synchronously when they are undisturbed, but visual activity wide- 
spread non-visual activity the brain breaks the rhythm exposing 
the cells mosaic excitations which makes synchronous action 
impossible. Berger, have interpreted him correctly, regards the 
waves having much wider and less specific origin, but the evidence 
localization the only important point which our results seem 
differ from his. 

Since the effect isso characteristic shall refer future the 
calls the electrencephalogram, but the shorter 
title avoids the suggestion that the rhythm produced the entire 
cortex. 

TECHNIQUE. 

the potential waves are the order less they are 
conveniently recorded valve amplifier leading some form oscillograph. 
record their exact form and detect very rapid oscillations well (e.g. 
those from muscle) have used the Matthews oscillograph with 
second recording optically bromide paper. the 
experiments, however, very high period the recording instrument 
unnecessary and have found more convenient use the Matthews ink- 
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writer oscillograph which has period second. have generally 
used balanced input amplifier (Matthews, 1934) followed two condenser 
coupled valves leading through tapped volume control the second the 
three valves the oscillograph amplifier. The condenser coupling was usually 
arranged that slow potential changes would not appear the record, but 
controls have been made with amplifiers capable handling very slow changes 
without distortion. sometimes advantage able hear well 
see the rhythm; although its frequency only second can made 
audible using horn loud speaker with the diaphragm set very close the 
pole pieces and condenser parallel cut out high frequencies. 

electrodes have used squares copper gauze covered with lint and 
soaked warm saline. These are fixed position head bandage, the 
hair under them being parted ensure that they make good contact with 
the Since the amplifier takes appreciable current from the electrodes 
the precise value the skin resistance does not affect the size the potential 
waves. few preliminary experiments followed Berger’s technique, 
using steel needles thrust through the scalp, but were relieved find that 
pad electrodes gave equally good results. Berger stresses the importance 
absolute quiet and keeps the subject couch room separate from the 
recording system. the laboratory, with research workers subjects, good 
rhythms usually obtained with the subject sitting chair, though 
complete relaxation the neck muscles has the advantage giving smoother 
base line. certain experiments (e.g. with blind patients) the room was kept 
quiet possible and the subject lay bed. 


THE ORIGIN THE RHYTHMIC POTENTIAL WAVES. 


Fig. gives typical records the Berger rhythm made with pad 
electrodes the vertex and occiput and fig. shows the essential con- 
dition for its appearance, namely that there should absence 
fig. disappears when they are opened lighted room and 
fig. present when they are open the dark. There often 
more variation the size the waves and sometimes the rhythm only 
appears intermittently, but its frequency characteristic and 
constant that there never any doubt its presence. With pad 
electrodes the potentials are maximum about mv. when one 


the pads just above the external occipital protuberance and the 


other in. more away. What evidence there show that these 


potentials are developed the brain 
Berger has discussed the evidence very fully and has carried out 


More correctly, absence the activities connected with pattern vision (see 367, 


paragraph 2). 


| 


ay 


358 ORIGINAL ARTICLES AND CLINICAL CASES 


numerous controls. The most direct proof cerebral origin his 
finding that with needle electrodes the potentials are largest when the 
needles pierce the scalp over opening the skull. This perhaps 


sec. 


1.—Records the Berger rhythm made with pad the head (vertex and 
occiput), the subjects sitting with eyes closed. 
Subject Record made with Matthews’ oscillograph, period 
Maximum excursion mv. Frequency 9°5 per sec. 
Subject Record made with ink-writer oscillograph, period sec. Fre- 
quency waves per sec. 
Subject Record madeasin Frequency 10°5 per sec. 
N.B.— All ink-writer records are the same speed. the subjects examined us, 
gives the slowest and the most rapid rhythm. 


Shut 


Shut 


2.—The development the rhythm the absence visual activity. 
The rhythm appears when the eyes are closed. 
Ditto. 
E.D.A. The rhythm disappears when the eyes are opened. 
After some minutes the dark the rhythm present with the eyes 
open. Closing them does not alter the rhythm. 


sec. 


0 


enough itself, but were unconvinced until had satisfied our- 
selves (a) that the waves are not due the eye muscles move- 
ments the eyeballs and that there need postulate 
origin from the whole surface the brain, but only the occipital lobe. 
The discussion these two points will show the general nature the 
problem and the evidence our disposal. 
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Evidence against orbital origin.—The chief source uncertainty 
can seen from the diagram skull forms box with 
walls relatively high resistance and the scalp thin sheet 
conducting material leading the various muscles the face and 
neck. Thus contraction almost any them can give rise 
potential oscillations between electrodes the scalp and muscle like 
the temporal occipito-frontalis can give oscillations much larger 
than the waves the Berger rhythm. the electromyo- 
gram normal sustained contraction rapid irregular affair quite 
unlike the second rhythm; but the muscles cannot ruled out 
altogether, for waves the required form and regularity might 
produced clonus tremor which all the motor units contract 


synchronously. 


.—Showing how electrodes the scalp may affected action currents the 


Fie. 
face and neck owing the high resistance skull. 


The most likely place for such clonus the orbit. The Berger 


rhythm obviously connected some way with the visual mechanism, 
and all the conditions which appears there lack ocular 
fixation. possible that shutting the eyes the presentation 
field would allow some the eye muscles develop rhythmic 


beat. This would disappear soon the visual attention was aroused 


and would give regular potential waves the muscles. 

For time suspected that the rhythm arose this way, but 
was soon clear that the external eye muscles are deeply buried the 
orbit that their action currents can have little effect electrodes 
applied the scalp. found that active and passive movements 
the eyeball were equally ineffective: with the electrodes occiput and 
vertex the jerky eye movement produced looking the spokes 


wheel gives corresponding potential waves, and 
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oscillation the eyeball clockwork-driven rod has detectable 
effect though the eyeball moved through several degrees. 

Again, the rhythm not dependent particular posture the 
eyes (for can occur with the lids open closed) and not necessarily 
interrupted eye-movements. When the eyes are open the dark 
and the rhythm well developed, movement the eyes left 
right closure the lids will cause break the sequence 
waves Blinking firm closure the eyelids may produce 
large potential changes, for the orbicularis surface muscle. but 
have failed produce any evidence changes due the 
eyeball its muscles. And any case the potential gradients would 
maximum the neighbourhood the eye, whereas the waves 
the Berger rhythm are maximum over the occipital part the 


skull. 


Back 


Fic. 4.—Rough estimate average size waves with differeut electrode positions 
subject 


Localization distribution the potentials over 
the head point great importance, both for the exclusion eye 
movements and for deciding the part the brain responsible for the 
rhythm. Berger seems believe that every part the cortex may 
contribute the potential changes (Berger, fig. and 
true that the waves can detected almost any part the scalp 
but every case examined have found that produce the maximum 
amplitude one the electrodes must slightly above the external 
occipital protuberance. The position the other then immaterial 
provided that least inchesa way. 

Since the waves vary size from moment moment 
impossible make accurate comparison different electrode 
positions, but the diagrams fig. give rough estimate the relative 
sizes and the records fig. show the kind data which the 
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diagrams are based. will seen that with one lead the vertex 
and the other the forehead the waves are the average one-half 
one-third large they are with the leads vertex and occiput. 
With both leads near the eyes the rhythm can rarely detected all. 
These facts are definitely opposed the idea that the rhythm arises 
from structures the orbit. They cannot taken conclusive 
proof origin from the occipital lobes rather than some other part 
the brain, for the distribution potential gradients outside the skull 
might depend the thickness the bone, the presence blood 
sinuses, different regions. The best proof that the waves 
fact arise the occipital part the brain comes 


APA hal f et 


Fic. 5.—Comparison waves recorded from the back and front the head different 
subjects. 
Electrodes vertex and occiput. vertex and forehead. 


C.L. Vertex and occiput. Vertex and forehead. 
W.H. Vertex and occiput. Vertex and forehead. 
record the small, rapid excursions are due muscle action currents. 


with openings the skull and dealt with 363, where the 


distribution potential considered more detail. 
Evidence against cranial muscles, Some time has been spent 


discussing eye movements possible cause the rhythm because 
there doubt that the eyes are somehow concerned it. 
oscillation the eye muscles eyeballs therefore the most likely 
cause apart from the brain. the eyes are ruled out there still the 
possibility tremor the muscles the neck, face, scalp, but 
would difficult explain why the eyes must inactive and still 
more explain our failure influence the rhythm changing the 
posture the head contracting facial neck muscles. The head 
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may bent forward back, but the second rhythm still appears 
when the eyes are closed and goes when they are opened the light. 
the neck muscles are contracted the rhythm superimposed 
electromyogram the usual type but there sign that altered 
The forehead may wrinkled the scalp pulled without 
affecting it. 

Other possibilities, e.g. the pulsation vessels, activity pilomotor 
muscles, tremors the head, &c., have been examined Berger and 
rejected. have considered the possibility the waves being due 
potentials some kind, but find that electrodes the scalp 


Fic. 6.—Records from patient with bone defect the right temporal region due shell 
wound seventeen years ago. The eyes are closed the signal. 
Electrodes occiput and left parietal region. 
occiput and right parietal region. 
forehead and left parietal region. 
forehead and right parietal region. 


cannot even pick the potential change caused illuminating the 
eye suddenly with bright light. 

Evidence favour the this negative evidence 
against extracranial origin there positive evidence favour the 
brain, derived from subjects with openings the skull. Berger has 
examined many these with needle electrodes the scalp and finds 
that the waves are always larger when the needles are over the bone 
defect, wherever may be. the currents arise somewhere inside the 
skull this result expected, but they arise outside and are 
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conducted the electrodes the scalp the defect the skull should 
produce greater short-circuiting and smaller potential changes. 

Our own observations trephined patients lead the same 
conclusion but are chiefly interesting for giving more definite evidence 
localization. have had two patients with small bone defects 
the temporal region, one the result shell wound and the other 
exploratory opening for condition which developed further. 
both patients the rhythm closing the eyes was well marked when 
occipital electrode was used, but the electrodes were further for- 
ward (e.g. vertex and forehead) the waves were completely absent 
(fig. 6). the skull had been intact they would have been merely 
reduced size (cf. fig. 5). Thus the opening the skull has the effect 
confining the potential changes the back the head. the 
waves have extracranial origin origin from the whole cortex 
hard conceive any reason for this, but they come from the 
occipital part the cortex the reason clear enough. 

The distribution current with the skull intact trephined can 
illustrated rough diagrams, though must understood that 
these can make claim take every factor into account. may 
start with the assumption that the cortical potentials are due struc- 
tures close the surface the brain and directed right angles 
for the potentials recorded from the exposed cortex are best explained 
this way (Adrian and Matthews, 1934). Now, the skull were 
sphere, area electrically active cortex would give the distribution 
current shown fig. the lines current flow diverging from 
region opposite the active areas.' Actually, with the skull intact, the 
divergence takes place somewhere the frontal region (fig. B), but 
there usually enough difference potential between vertex and fore- 
head enable the waves recorded there. opening the skull 
will modify the distribution the way shown fig. The circuit 
within the brain the opening and then back the scalp the occiput 
involves only one thickness bone and offers pathway relatively 


the relatively high resistance the skull the current will much more 
evenly distributed than would the brain, skull and scalp were all the same conduc- 
tivity. homogeneous medium the current flowing along any path would inversely 
proportional the length the thus the lines current flow would concentrated 
the occipital region. But will seen from fig. that except the margins the 
active region the current must pass twice through the skull complete the circuit. The 
soft tissues will contribute relatively small proportion the total resistance, and therefore 
the length the pathway through them will relatively unimportant. Thus the longer 
pathways (through the frontal and parietal bones) will carry appreciable fraction the 


total current. 
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low resistance from the interior the active surface: the result that 
negligible proportion the current will flow through the scalp 
anterior the opening. 

Three patients with suboccipital decompressions gave evidence the 
same kind. the rhythm could not obtained all unless 
one the electrodes was the occiput very close the opening 
the bone. fig. the opening becomes the main pathway from 
the interior the brain the active surface, and, the active surface 
very close the opening, the potential gradients will relatively 
steep this region but inappreciable over the rest the skull. 

The potential distribution these cases shows that the active area 


somewhere the occipital region, but the main focus activity 


Fic. 7.—Diagrams show current distribution—A, the skull were the 
median plane with the skull intact and with opening the skull. 


not fixed point the brain. This can inferred from records 
made with two oscillographs leading simultaneously 
regions the skull. Berger has made many these and has shown 
that the relative size the waves from the different leads 
means constant. The same result can seen fig. which gives 
simultaneous records the potentials between vertex and occiput and 
vertex and forehead. The relative size corresponding waves the 
two records varies considerably and occasionally the potential change 
between vertex and forehead larger than that between vertex and 

result this kind can only mean that the distribution current 
flow the brain shifts from time time, but not all incom- 
patible with the view that the activity arises the occipital region. 

'The fixed ratio between waves from the two pairs leads 
accounts for the fact that records made with the electrodes occiput and vertex the 
waves are neither consistently larger consistently smaller than records from occiput 


and forehead (cf. fig. 4). The general direction current flow the frontal region varies 
some extent with the individual and probably depends the shape the head. 
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the position maximum activity will produce corresponding move- 
ment the region the opposite side the skull from which the lines 
current-flow diverge the The direction movement the 
two oscillograph tracings fig. shows that the potentials occiput 
and forehead rise and fall simultaneously relative the vertex (in 
agreement with the distribution given fig. but shift the 
point current divergence will naturally alter the relative sizes the 
waves from the two pairs leads and may suppress reverse them 
one pair leads while little alteration occurs the other. 

Further complications probably arise from the beat spreading pro- 
gressively over the active area, over some part it, instead 


records the waves two pairs electrodes. 

The white line records the waves between vertex and forehead and the junction 
between dark and light area records those between vertex and occiput. 

The white line records the waves between occiput and right parietal region and the 

junction between dark and light those between occiput and left parietal region. 


appearing simultaneously every point. the exposed cortex 
animals the large potential changes produced convulsant drugs are 
due waves activity which travel finite rate over the surface 
(Adrian and Matthews, 1934). Similar waves confined the occipital 
region would produce rhythmic shift the current distribution 
corresponding the rhythmic change the position maximum 
activity, and this might lead phase differences the potential waves 
from different leads. 

will seen from the diagram that both pairs leads are 
confined the posterior half the skull the waves should correspond 
much more closely. This found so. Fig. gives simul- 
taneous records, one from electrodes the occiput and above the right 
ear and the other from the occiput and above the left ear. The waves 
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are now almost identical, the potentials either side rising and falling 
simultaneously relative the occiput. This result (from four subjects) 
makes unlikely that there much difference the phase extent 
the beat the right and left hemispheres, though occasionally the 
waves are found increase size for few beats one side and 
decrease correspondingly the other. 

hoped that more detailed mapping the potential 
distribution over the head from moment moment will show how far 
the focus activity can move. For the present all that can said 
that the active region must cover fairly large area the occipital lobe 
and that must close the surface the brain. were deeply 
situated the short-circuiting inactive tissue would too great 
allow the potentials recorded through the skull. general the 
larger the area involved and the nearer the surface the smaller 
will the potential change each point necessary set measur- 
able potential gradients outside the skull. area one two inches 
diameter might large enough all the cells were active 
simultaneously, this estimate scarcely more than guess. 

The evidence the origin the potential waves may 
summarized follows 

(1) The form the waves makes unlikely that they are due 
muscular contractions the usual kind, but they might due 
clonic contraction tremor. 

(2) the rhythm only appears when there ocular fixation, 
tremor the orbital muscles might responsible. 

But rapid to-and-fro movements the eyes give corresponding 
potential waves the scalp. Also potentials due the eye muscles 
would greatest when one the electrodes near the orbit. The 
waves the Berger are greatest when one the electrodes 
near the occiput. 

(4) The waves are not due potential changes the retina, for 
these are not large enough affect electrodes applied the scalp. 

(5) The presence opening the skull modifies the potential 
distribution way which readily explained the potentials arise 
the brain, but not they arise outside the skull. 

(6) trephined subjects there more definite localization the 
occipital region. 

(7) The magnitude the potential waves shows that they are most 
probably due the simultaneous nearly simultaneous activity 
fairly large region the surface the occipital lobe. 
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THE FAILURE THE RHYTHM DURING VISUAL ACTIVITY. 


The occipital origin the waves emphasizes their close connection 
with vision. Berger has shown that the rhythm can stopped 
non-visual activity the subject’s whole attention involved, but 
stopped far more effectively pattern the visual field, however 
uninteresting. fact for the rhythm appear, either the eyes must 
shut, the central part the visual field must uniform and the 
subject must not examine too closely. 

the perception pattern the attempt perceive that 
interferes with the rhythm. The perception light does not affect 
the eyes are closed the rhythm persists, although the subject aware 
that the room light dark and can say when the illumination 


for giving uniform visual field with different 
degrees illumination. 


altered. Again, with the eyes open, the visual field can made more 
less uniform arranging opal glass bowl front the face 
and lighting ring lamps The rhythm will appear 
after time, and when established the the can 
varied without causing more than momentary pause the waves, 
provided that the light not unpleasantly bright. the other hand, 
narrow band shadow thrown across the field will stop the rhythm 
once. Similarly, when the eyes are shut, the circle light caused 
pressure the eyeball will abolish the rhythm and bright after 
images will delay its appearance. 

Absolute uniformity the visual field not essential, however 
with the eyes shut the rhythm usually appears short time before 
after image has completely faded, and with the eyes open the peripheral 
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part the field may contain some pattern. But sharp contrasts nearer 
the central part the field are prohibitive. Thus few black spots 
the opal screen, few small holes the shutters dark room, will 
abolish the rhythm the subject looks directly them, but they 
come into the peripheral field may aware that there something 
there and yet the rhythm will persist. 

The effect closing the eyes.—Although there the same contrast 
the effect uniform and non-uniform field whether the eyes are 
closed open, the closure the eyes seems itself favour the 
development the rhythm. The regular waves usually appear half 
second less after the eyes are shut, but they remain open and the 


Open Shut 


Look Stop 


Look Stop 


Fic. 10.—Development the with the eyes open the dark. Head enclosed 
box lined with black velvet. 
During the first few minutes the rhythm only appears when the eyes are closed. 
and Later. The rhythm present with the eyes open but abolished 
trying to see. 


field made uniform the waves may not appear for some minutes. 
The difference chiefly noticeable when the subject first confronted 
with field. This may either the opal screen arrangement 
the uniform black field produced enclosing the head box lined 
with black velvet, making the whole room dark. 
begin with the rhythm will only appear when the eyes are shut (fig. 10, 
and will cease when they are opened, although the field uniform. 
few minutes the rhythm will develop with the eyes open. may 
disturbed when they are opened after period closure, but 
eventually opening them will cease have any effect. 

The most likely explanation that the act closing the eyes 
coupled with automatic withdrawal the attention from visual 
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phenomena. When our eyes are open try see something, even 
though are room which too dark for anything made out. 
with the head before opal screen dark box the tendency 
look for some trace detail, and begin with only when the 
eyes are closed that the subject completely indifferent the content 
the field. After time becomes used his surroundings and 
easier open the eyes without expecting and trying see. then 
that the rhythm persists. 

This explanation based mainly the introspection one 
acting subject. must admitted that when the eyes are open 
the dark and the rhythm absent the feeling “trying 
often very slight, although times one may conscious that one 
peering into the blackness. But the explanation supported the 
fact that after the rhythm has become established can made 
disappear will attempting see some trace detail the field 
(fig. 10, and c). The attempt often attended with feeling 
muscular effort which probably implies convergence and accommodation, 
but the rhythm may before this felt. 

effort the same kind can abolish the rhythm although the eyes 
are shut. this case the effort causes method convergence which 
can felt through the closed lids. But perhaps mistake 
group this with the other kinds visual activity which abolish the rhythm, 
for involves considerable mental effort and non-visual activity the 
same kind, e.g. straining the ears hear nearly inaudible sound (e.g. 
watch ticking), effective. the other hand, when the eyes 
are first opened the dark conscious straining see needed 
prevent the appearance the rhythm. 

the majority subjects the rhythm becomes more clearly 
marked after the examination has lasted ten minutes more. The 
improvement seems due the repeated periods with the eyes 
closed. But they remain closed for long period the rhythm often 
becomes more intermittent. its best, with large waves and little 
fluctuation size, immediately after the eyes have been opened and 
closed again—as though the sudden disappearance the normal visual 
activity gives the most favourable conditions. This least our 
impression, though the variations from subject subject and from time 
time are too great allow any certainty. 

Absence rhythm blind set observations 
supports the impression that the rhythm would not persist indefinitely 
the eyes remained closed. have examined three patients who 
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have been totally blind for some years and have been quite unable 
detect any sign the rhythm them. one them (blind for 
thirty-five years from accident, with hemorrhages the vitreous, 
the eye movements were unusually good but closing the lids did not 
produce the rhythm. Another was case double optic atrophy 
two three years’ duration, and the third had had both eyeballs 
removed 1918 the result shell wound. They were examined 
lying couch quiet room, but could not discover any 
condition which would cause the rhythm appear. 

The bearing this result the cortical mechanism the rhythm 
will discussed later. scarcely surprising, for the most 
favourable conditions are those which exist just after pattern vision 
ceases, might expect that the rhythm would absent patients 
whose pattern vision ceased long ago. 


regard activities other than visual have little add 
account. find, has done, that problem which 
claims the whole attention will abolish the rhythm though the eyes are 
shut. question mental arithmetic will long the 
subject tries hard solve (fig. 11, A), but the rhythm will return 
soon his attention wanders. the same way attempt tie 
untie many knots possible given time will abolish the rhythm 
long the subject concentrates his whole energy the task. 

regards sensory stimulation, the effect seems depend mainly 
the amount disturbance produced the subject’s mind (or the 
unexpected region (e.g. the face) will usually stop the waves (fig. 11, 
but the subject can touch his own face inflict considerable pain 
himself without disturbing it. might expected, the disturbing 
effect questions, commands, often most pronounced when 
subject examined for the first time: the records fig. are from 
subjects who were quite familiar with the procedure. 

will clear from this that great deal can the subject’s 
brain and mind without upsetting the rhythm. can count numbers 
aloud, repeat familiar poetry join unimportant conversation 
with, most, initial reduction the size the wave. The photo- 
graphs fig. are example the amount non-visual activity 
which can without interfering with the rhythm, for they were 
made one working without assistance and recording the waves 
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from his own head. true that manipulations had made 
after the eyes were closed, but restful state mind was scarcely 
possible. Again some the evidence the effect opening the eyes 
the dark was made one listening the rhythm from his 
head loud speaker. This made possible correlate the im- 
pression not looking looking with the presence absence the 
rhythm. this case, when the eyes are opened daylight, the 
subject can hear that the rhythm ceases, for opening the eyes does not 
prevent one from listening but the non-visual activities which abolish 
the rhythm demand much attention that subject engaged them 


Problem 
sec 
Touch 


Squeeze 


11.—A and Abolition the rhythm non-visual 
E.D.A. Problem mental arithmetic given signal. 
W.H. Touch the nose with cotton-wool. 
Persistence rhythm spite muscular effort. 
closed, squeezing pliers tightly possible. 


cannot listen the same time and can never hear whether the rhythm 


has been affected not. 
interesting find that powerful muscular contractions not 


interfere with the rhythm although the subject exerts his full strength. 
Thus fig. 11, gripping pair pliers tightly possible seems, 
anything, reinforce the waves. But powerful muscular effort 
need not engage the entire attention, for possible listen the 
rhythm whilst the effort made. 


MECHANISM THE RHYTHM. 


The general nature the Berger rhythm seems fairly clear 


though several points are still obscure. have account for 
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pulsating activity which develops the occipital lobe and involves 
considerable number neurones working synchronously. These beat 
together with fixed period, but they can only when pattern 
vision absent. 

Now synchronous activity can only occur group neurones 
when the conditions excitation are uniform throughout the group. 
When this obtains the neurones will all discharge the same frequency 
and they may come work phase with one another result 
their interconnection. For instance, the vertebrate retina (Adrian and 


12.—Records potential changes from eye and optic ganglion water-beetle 
(Dytiscus marginalis). Above, eye the dark, waves sec. Below, eye exposed 
bright, uniform light, waves sec. 


Dark Light 


Dark 


Fic. 13.—Eye and optic ganglion water-beetle. Records showing the effect different 
kinds illumination. 
the dark and then exposed bright, uniform light. Waves sec. 


the dark and sec. the light. 

Another preparation. Eye first exposed medium non-uniform illumination (no 
waves), then dark (waves sec.), then feeble non-uniform light 
(waves still sec. but much smaller amplitude). 


Matthews, 1928) the invertebrate optic ganglion (Adrian, 1932) 
may give rhythmic electric pulsation when the eye very brightly 
and uniformly illuminated and sometimes rhythmic pulsation 
lower frequency when the eye darkness (fig. 12). 
conditions the neurones can pulsate synchronously because the degree 
excitation the same for them; but non-uniform illumination 
medium brightness makes the synchronous beat impossible and 
abolishes the rhythmic potential waves (fig. 13). 
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The disorganization synchronous beat the cortex illustrated 
fig. record from the exposed brain rabbit under 
light urethane anesthesia. The large waves represent periods wide- 
spread activity due, probably, the spontaneous discharge the cortical 
neurones. the signal the foot pinched, and with the arrival 
afferent impulses the cortical beat breaks into small irregular 


waves from exposed cortex rabbit under urethane. the signal 
the foot pinched and the waves break into rapid asynchronous activity. 


oscillations high frequency—the sign asynchronous action. The 
record also illustration the general tendency for cortical neurones 
discharge spontaneously when they are undisturbed. The cells 
the respiratory centre give the best example spontaneous beat, but 
the cortical neurones are equally unable remain for long without 
discharging, and electrical records show them constant activity 


long they are supplied with oxygen. 


Dark Light Dark 


Water-beetle 


Shut 


Fic. waves from water-beetle preparation darkness and light 
(upper record) and from human subject (E. A.) with eyes closed and open (lower record). 


both the rhythm abolished during visual activity. 


The Berger rhythm has fixed, low frequency, and appears 
near the visual part the cortex the absence visual stimulation. 
Thus most probably represents spontaneous beat group 
cortical neurones, beat comparable that the water-beetle eye 
darkness. There is, fact, surprisingly close resemblance the 
records from man and from the water-beetle, for the frequency the 
spontaneous beat happens much the same both (cf. fig. 15). 
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The abolition the rhythm pattern vision represents the change 
from synchronous asynchronous action; this would follow from the 
disturbing effect mosaic excitations the optic tract. the 
same way the invasion the beating area widespread cortical 
excitations would prevent synchronous action although the visual field 
was uniform, and this would account for the effect intense 
activities. 

The begin when attempt decide the exact position 
and function the area. the occipital lobe and concerned 
with vision, but unlikely that the striate area itself. Many 
investigators have recorded the electric responses the striate area and 
found the most prominent large potential change when the eye 
illuminated and another when darkened. With electrodes 
arranged the head for recording the Berger rhythm there 
and effect this kind, and indeed the position the striate area 
makes unlikely that potentials arising could detected through 
the skull. 

The area seems have little nothing with the perception 
light, for the period the waves not altered change the 
amount light falling the closed lids and the subject can notice the 
change without abolishing the rhythm. The area not concerned with 
visual imagery, for the rhythm unaffected visualizing shapes, 
figures, kc. concerned with pattern vision, but the rhythm can 
abolished attempting see pattern well the sight 
one. 

This complicates the issue giving two possible factors which may 
interfere with the synchronous beat. The absence the rhythm when 
the eyes are first opened room seems depend not inequali- 
ties the field but the direction certain amount attention 
it. possible, therefore, that pattern the field abolishes the 
rhythm because attracts the attention and not because excites the 
area unequally. This, fact, the explanation given Berger. 
The effectiveness pattern abolishing the rhythm seems depend 
entirely the amount sharp contrast the central part the field, 
but arguable that this determines the amount attention which 
the pattern will attract. 

The point not worth elaborating until have some idea the 


neural processes which may involved attention. clear, how- 
ever, that the area which gives the rhythm concerned specifically 
with visual activities and not some general correlating centre. 
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was pointed out 371 the visual activities which abolish the rhythm 
not claim more than small part the subject’s attention and 
pattern vision absent the rhythm persists spite other activities 
which demand fair share attention for themselves. clear, 
too, that the part the brain concerned with vision would the most 
likely place for spontaneous beat covering wide area. shutting 
the eyes can cut off the stream impulses which enter the occipital 
lobe from the million fibres the optic nerve. The visual areas 
the cortex will suddenly cut off from afferent excitation and left 
themselves will beat spontaneously. There other part 
the brain which large area could readily isolated from 
external influence, for vision not only our most important sense but 
the only sense which can turned and off will. may 
added that man the animal most likely show the Berger rhythm, 
for man that the visual part the brain reaches its highest 
development. 

have assumed that the area much part the visual 
apparatus that when vision cut off there will nothing left disturb 
it. But intense activity the rest the brain will so, and 
seems that vision permanently cut off the area not allowed 
remain idle but becomes gradually more and more accessible excita- 
tions from other parts. the end will continually disturbed and 
will have chance developing synchronous beat. Thus the 
Berger rhythm absent the blind. 


POTENTIAL CHANGES THE EXPOSED CORTEX. 

has been pointed out that the potential changes which can 
recorded from the surface the head man bear little resemblance 
those from the exposed cortex animals. This may due partly 
the greater importance vision human behaviour and the greater 
size the visual regions the human brain. cats and rabbits, for 
instance, the area which corresponds that giving the Berger rhythm 
much more exposed disturbing effects from the neighbouring cortex 
and these may always prevent the spontaneous activity the cells 
from developing into synchronous beat. 

There is, however, another reason for the different character the 
records from animals, namely that these are made with electrodes 
leading directly from the exposed cortex, whereas man the electrodes 
are separated from the cortex the high resistance the skull. This 


4 
148 
din 
3 


376 ORIGINAL ARTICLES AND CLINICAL CASES 


arrangement equivalent one without the high resistance layer but 
with the electrodes much greater distance from the surface the 
cortex. can give bird’s-eye view, speak, the cortical 
activity, showing the average potential changes large 


nothing the local detail. With electrodes the cortex the local 


detail has much greater prominence and may fill the picture the 


exclusion the general view. Thus surface electrodes the forehead 


and vertex can record tne Berger rhythm due widespread pulsation 
the occipital lobes, but cannot show anything the more localized 
activities taking place the brain immediately beneath them. the 
other hand electrodes the exposed cortex may show such large 


potential changes due local activity that the Berger rhythm would 


have chance appear. 


Fic. 16.—Records from the exposed cortex patient during operation for removal 
tumour. before removal, cortex cedematous, typical Berger rhythm. after 
removal tumour and recovery circulation the cortex, large irregular waves (the 
oscillograph shunted one-fourth its former sensitivity). 


This may illustrated some observations made the exposed 
cortex patient Mr. Cairns, who very kindly allowed take 
records during operation. patient was woman with symptoms 
tumour the right parietal region. When the skull was opened 
(under local the exposed cortex was cedematous and the 
vessels congested. this stage thread electrodes the surface 
the cortex showed the Berger rhythm and nothing else (fig. 16, Mr. 
Cairns then removed large neoplasm which infiltrated the cortex 
front the area had examined. After the removal and about one 
and half hours after the first record the electrodes were replaced 
the cortex. The and congestion had disappeared and the 
vessels pulsated well. The record now showed sign the Berger 
rhythm but instead was made much larger, irregular oscillations, 
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like those which can recorded from the exposed cortex cat 
rabbit (fig. 

The obvious explanation these results that when the first record 
was taken the cortex under the electrodes was completely inactive and 
behaved like much inert connective tissue. Electrodes picked 
the Berger rhythm they would have done they had been applied 
the scalp outside. But with the recovery the circulation the cortex 
regained its normal activity, and the second recording the local 
action potentials were large that the Berger rhythm had chance 
showing itself. 

clear that further work the exposed cortex needed give 
completely satisfactory account the rhythm. Some uncertainty will 
remain until has become possible localize the beating area, 
compare its reactions with those the striate area, Unfortunately 
the occipital region man very seldom exposed; for the present 
therefore all that can said that records from the exposed brain 
not conflict with the view that the rhythm arises the occipital 
cortex. 

THE RESPONSE FLICKER. 

The foregoing account the mechanism the Berger rhythm 
supported the discovery that regular potential waves frequencies 
other than second can induced flicker. Ifa group cells 
tends beat spontaneously should possible induce beat 
higher rate rhythmic stimulation. Accordingly have tried 
recording the potentials from the head when the eyes are exposed 
flickering field, and find that possible this way obtain 

produce the response the flicker must involve considerable part 
the visual field. limited the central part the field the 
potential changes are small and irregular they are with pattern 
vision. the arrangement have used the subject sits fig. 
with the eyes the centre opal glass and the head covered 
black velvet curtain. convex surface the bowl lit 
headlight bulb placed in. away behind sector wheel, ft. 
diameter, rotated gramophone motor. The sector wheel gives 
eight light and eight dark intervals equal length each revolution. 
the speed the periphery high and the distance from the filament 
very small, the light shadow takes inappreciable time spread over 
the bowl. The field brighter the centre than the periphery, but 
unless patterns are deliberately introduced uniform enough allow 


ae 
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the Berger rhythm develop with the eyes open and the light 
steady. 

Typical records the response flicker are given fig. 
the beginning there the usual second rhythm, for the eyes 
closed and the light cut off shutter. Ata signal the eyes are 
opened and the shutter lifted turn the flickering light. The result 
series potential waves having the same frequency that the 
flicker. 

obtain this result the intensity the light has carefully 
adjusted. too dim the sensation flicker soon dies away and 
the rhythm reverts second. too bright the field may 
become filled with coloured patterns, the sensation extremely 


Open 


‘ 


sec. 
Fic. 17.—Potential waves produced exposing the eyes uniform flickering field. 
Each record begins with the eyes closed show the usual rhythm. 


unpleasant and regular waves are obtained. usually 
possible find intensity which the worst give occasional 
patches the flicker rhythm more often the rhythm clearly marked 
when the eyes are first opened and becomes intermittent after time, 


but never absent for more than second two. 

Controls have been made ensure that the potential waves are 
not artefacts due induced effects from the sector wheel its motor 
the flickering light acting directly the electrodes. The latter 
possibility ruled out covering the head with several layers 
black velvet exclude any stray light which might reach the electrodes. 
The wheel and motor are not responsible they are kept running 
throughout the experiment, whereas the rhythm only appears when the 
eyes are open. shown also that the potential waves the 


- 0-5 sec. 
ral 
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flicker response come from the same part the head the waves 
the Berger rhythm, for the relative sizes the two remain the same 
when the position the electrodes changed, although the absolute 
size varies greatly (fig. 18). This does not prove that they arise from 


Fic. 18.—Records showing that the relative size the waves the Berger rhythm 
and the waves due flicker remain the same for different positions the electrodes. 
Subject Signal line shows frequency flicker. 

Electrodes vertex and occiput. way through the eyes are opened 
field flickering sec. 

Electrodes forehead and vertex. Sensitivity increased make the waves 
the Berger rhythm equal those record Eyes opened flickering field 


per sec Shut 


per sec. 


per sec 
Fic. 19.—Examples different rhythms induced flicker. Subject E.D. 

line shows frequency flicker. 

closed and field dark. Berger rhythm 10a sec. 


Open 
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exactly the same area but shows least that the flicker response must 
come from the occipital lobe, the Berger rhythm does so. The 
existence the flicker response may taken additional argument 
against the view that these potential changes are due eye movements. 
There certainly visible oscillation the eyeball when the response 
tremor the external ocular muscles possible, but the 
evidence 359 shows that this could scarcely account for the 
potentials. 

The flicker rhythms are shown most clearly with rates between 
and second (fig. 19). have not tried rates higher than 
second the apparatus could not run comfortably higher speeds. 
With rates between and second the flicker rhythm sometimes 


Shut 


Fic. 20.—Rhythms double and half the rate the flickering light. Subject 


Eyes closed, field dark. Berger rhythm sec. 
Flicker asec. Waves the same rate. 
few seconds later. Waves now sec. with occasional reversion 


sec. 


quite clear, but the intensity the light needs careful adjustment. 
With flicker the neighbourhood second there some 
subjects tendency for the waves occur half the rate (fig. 20, D). 
More rarely the rhythm becomes twice that the flicker, though only 
for short periods time (fig. 20, c). 

When the flicker the neighbourhood second the results 
are unexpected, for is, anything, more difficult obtain regular 
series waves. Ifthe flicker rate slightly slower faster than the 

rhythm there are often periods complete irregularity, but 
the rate adjusted very carefully the hope making coincide 
exactly the waves may become extremely regular and may continue for 
many minutes without the usual waxing and waning size. The 
subject not conscious any change sensation when the regular 
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wave train appears. the rhythm produced this way 
given 19, with the normal Berger rhythm (with eyes 
closed) from the same subject. rule the waves the flicker 
response have less rounded contours besides being more uniform size. 
The need for careful and prolonged adjustment the flicker rate suggests 
that the rhythmic excitation plays the area way which must 
antagonize the spontaneous beat until particular phase relation 
established. position perhaps comparable with that the 
auricle stimulated electrically rate close that the pace- 
maker that the beats sometimes come from the extrinsic sometimes 


from the intrinsic focus. 

Whatever the explanation this may be, there doubt that 
when once the second flicker rhythm established can resist 
disturbing influences which would upset the spontaneous beat. The 
central part the field need not uniform—the subject can look 
black cross drawn the centre the opal screen, seeing its cutlines 
clearly, and can solve problems mental arithmetic which would 
certainly abolish the Berger rhythm. some extent this true 
the flicker response general, but the higher rates pattern vision, 
usually causes some reduction the size the waves. The 
greater stability the flicker response natural enough with flicker 
co-ordinated beat imposed the area the rhythmic excitation, 
whereas with the spontaneous waves there nothing but their own 
interaction synchronize the different neurones. 

perhaps remarkable that the area can excited rhythmically 
the flicker, when seems unaffected single change the 
degree illumination the field. would easier explain the 
cortical mechanism steady bright field gave faster rhythm than 
dark field, does with the response the optic ganglion (cf. fig. 12), 
but the fact remains that the rate can never altered changing the 
light intensity unless the changes are repeated very 
ently the area not concerned with the perception light, but near 
enough the striate region affected rhythmic pulsation 


there. 


DISCUSSION. 


the Berger rhythm represents spontaneous beat group 
neurones, not surprising that the frequency much the same 
all individuals and under all conditions. Unless different rhythm 
imposed flicker the synchronized beat can only occur when the 
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neurones are undisturbed the rate beating will then depend the 
constitution the cells and nothing else. Thus the Berger rhythm 
disappointingly constant, for expresses time relations which 
determined the fundamental properties the cells. 

Berger has investigated the rhythm very large number sub- 
jects different conditions, e.g. sleep, drug intoxication, 
and has reported certain instances slow rate associated with 
pathological states the brain, but normal subjects the rate 
seldom less than 9°5 greater than 10°5 second. There are, however, 
considerable variations between one subject and another regard 
the persistence the rhythm and the fluctuation the size the 
waves. One gives the rhythm soon the eyes are 
closed, and maintains with rare and brief intermissions long they 
remain closed. The other (B.H.C.M.) better the role observer 
than subjeci, for him the rhythm may not appear all the 
beginning examination, and seldom persists for long without inter- 
mission. another subject extremely uniform series waves 
appear suddenly seconds more after the eyes are closed, the record 
giving the impression that the beat harder achieve but more per- 
fectly synchronized when once has developed. There are also 
considerable variations between individuals the ease with which the 
flicker response can obtained, the tendency give waves 
the flicker rate, the amount pattern which can tolerated the 
visual field, 

There evident connection between these features and any 
the known physical mental traits the individuals, but 
have not been specially concerned detect any correlation, since our 
main problem has been the neural mechanism the rhythm. Our 
explanation differs considerably from that given Berger and 
until its nature agreed upon the study individual differences cannot 
lead have not misunderstood his writings, Berger’s view 
the rhythm that represents the normal activity every part 
the cortex; afferent stimuli which claim the subject’s attention will cause 
more intense local pulsation, but will inhibit the beat over the rest 
the brain, with the result that the waves can longer detected 
outside the skull, and visual stimuli are particularly effective inhibiting 
the beat since vision plays the most important part controlling the 
work the brain. The evidence localization and the rhythms induced 
however, that the disappearance the rhythm sometimes due 
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inhibition rather than the change from synchronous asynchronous 
action. Both processes would suppress the beat and our only reason 
for preferring the latter that operates other examples nervous 
rhythm which have least superficial resemblance the Berger 
phenomenon. 

The resemblance the beat the retina the optic ganglion 
insects would have been overwhelming had turned out that the 
Berger rhythm originated the striate area. is, the absence 
and effect and perhaps also the failure alter the 
frequency changing the illumination the field show that the rhythm 
not strictly comparable that pure receptor mechanism like the 
retina. suppression the rhythm trying see the dark 
another fact for which there certain explanation, though the change 
from synchronous asynchronous activity likely any other. 
But the Berger waves would add very little our knowledge every- 
thing could explained simply. Their greatest interest lies their 
relation the organized activities the cerebrum. has stressed 
the importance the rhythm asa possible clue the neural mechanism 
attention and our failure agree with his view its origin does not 
lessen its interest this respect. 

true that, our view, the rhythm shows the negative rather than 
the positive side cerebral activity, shows what happens area 
cortex which has nothing do, and disappears soon the area 
resumes its normal work. This almost inevitable, for give potential 
waves which can detected through the skull considerable area must 
beat and unlikely that this could occur any region 
which was taking active part incoming and outgoing 
messages. induced flicker represent positive activity, 
but one which cannot often occur normally. unlikely, therefore, 
that records made with the skull intact will give detailed evidence 
the normal positive activity different regions the brain. The 
Berger rhythm shows the background spontaneous discharge, but 
can also show when that background obscured and this may 
information well worth having, from the practical well the 
theoretical aspect. 


SUMMARY. 


The paper deals with Berger’s discovery that regular potential 
oscillations second can detected the human subject 
electrodes applied the scalp. conclusion, that the waves are 
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due the electrical activity the cortex, confirmed, but evidence 
given show that they arise from area the occipital lobes con- 
nected with vision, and not from the whole cortex. The distribution 
current the scalp indicates that the focus maximum activity, 
though confined the occipital region, can change its position from 
time time. 

The essential condition for the appearance the Berger rhythm 
that pattern vision should absent. develops when the eyes are 
closed the visual field uniform, and disappears whenever the 
central part the field has any detail. The attempt see detail, even 
though the field uniform, abolishes the waves: for this reason the 
closure the eyes, withdrawing the attention from visual pheno- 
mena, aids the development the rhythm. Its frequency not 
altered changing the illumination the field, and not abolished 
the perception light and darkness visual imagery. 
patients who have been blind for some years have not been able 
detect any trace the rhythm. Berger has shown, non-visual 
activities which demand the entire attention (e.g. mental arithmetic) 
abolish the waves; sensory stimuli which demand attention too. 

believe that the potential waves are due the spontaneous bea 
area the occipital cortex which normally occupied 
activities connected with pattern vision. When the area unoccupied 
the neurones discharge spontaneously fixed rate (as other parts 
the central nervous system) and tend beat unison. Visual 
activity and widespread non-visual activity break the synchronous 
beat exposing the area non-uniform excitation. man large 
area normally occupied with visual activities thus when the area has 
nothing and free develop synchronous beat the 
changes are large enough detected outside the skull. appears 
that the area does not remain permanently unoccupied vision lost 
subjects who are blind must have become more accessible the 
rest the brain. 

The close relation the area the visual mechanism confirmed 
the fact that the frequency the rhythm can altered exposing 
the eyes uniform field which flickers varying rates. The waves 
then tend occur with the same frequency the flicker. The 
frequency the spontaneous rhythm varies within narrow limits 
different subjects, but there much individual variation 
sistence the rhythm, uniformity the waves, 
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SPINAL SHOCK AND SOME FEATURES ISOLATION- 
ALTERATION THE SPINAL CORD CATS. 


University Laboratory Oxford. 


experiments described supplement observations made 
Ballif, Fulton and who found, after acute total section 
the spinal cord cats, long, lasting susceptibility the knee-jerk 
inhibition produced single break shock. the present series 
their observations are repeated some time, days weeks, after total 
section the cord. 

INTRODUCTION. 


The word shock,” applied the nervous system, was frequently 
used Marshall his New Memoir the Nervous 
30, there occurs the following passage: 


after the sudden amputation limb, diminished 
condition the reflex excito-motor power observed. divided the 
spinal marrow frog; the reflex actions ceased; few minutes 
they reappeared, and short time they were perfectly restored: 
remember the late Captain Kater relating experiment which the 
legs the (long-legs) were removed means scissors, 
successively, without any manifestation pain, impression any 
was placed under the influence Cruikshank, 
1795, had observed that, the dog, division the spinal cord the 
neck was followed muscular relaxation the legs [5]. 
spinal marrow, the animal placed under the influence shock and 
the excito-motor power with the reflex actions are suspended for 
time. After short interval, however, this power with its phenomena 
return: the limbs out are then stimulated its firm pressure 
against the table, and excited action with the retraction these 
limbs Nine years later, the “Synopsis the Diastaltic 
Nervous 1852 the narrower definition shock re- 
(p.70). take frog and divide the spinal marrow near 
the cranium, the animal affected the diastaltic force 
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suspended, there are diastaltic actions, only such are very 
feeble. few minutes the diastaltic power and phenomena are 
restored, the effect shock having passed away.” 

Thus the term spinal has come denote the cessation 
movement the extremities after transection gross injury the 
spinal cord. The degree cessation movement variable, depending 
part the position the subject the animal scale, and pertaining, 
now well known, only the direction aboral from the lesion 
the cat and dog, the majority reflexes return only after some hours 
days, rule, and the monkey much later, all [31], 
depending the species 

Although the word often used connote the deport- 
ment the subject for the whole the remainder its existence after 
section the spinal neuraxis, seems preferable that the status should 
divided into two stages: (1) that shock, enduring only for few 
hours days after the lesion, (2) that isolation-alteration (Munk’s 
Isolations—Anderung [28]), stage amelioration and increased ex- 
citability ensuing some species animals after shock, during which 
the diastaltic and simple reflex movements reappear. other species, 
e.g. some monkeys, muscular dystrophy and nutritional regression are 
severe, and mask counter amelioration the nervous system 
Isolation-alteration varies according the species animal. 

the nature shock itself, Goltz’s view 14] now discounted, 
since difficult conceive such long-continued abrogation 
movement being due inhibition, which active process, and, 
such, demands seat origin. the other hand, 
ascribed the absence movement the early stages after the lesion 
diaschisis, state which, believed, there was passive abolition 
excitation synapses. Sherrington, too, has preferred regard shock 
deficiency phenomenon which the lower centres are 
deprived what were later described Pike 
from higher centres. There evidence that loosening the 
between higher and spinal centres leads deficient excitability 
present experiments are interpreted substantiation that view, 

Shock does not longest persist for more than few The 
centres adjust themselves the lack excitation, that shock passes 
off and the subject attains the second stage the status spinality. 
this stage, that isolation-alteration, examination the subject 
becomes more feasible. During shock, the irresponsive background 
implied the very name is, the main, characteristically intangible. 
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shock passes off, the first few reflexes elicited are the simplest. 
the stage isolation-alteration progressively emerges, 
number becomes available for examination. the cat, the knee-jerk 
and ipsilateral flexor reflex [15] suffer but briefly from the shock 
spinal section and are often elicitable immediately after 
crossed extensor response begins appear somewhat later [22, 
After two three days fibrillary movements begin the muscles. 
their onset the cat, these movements are irregular and tremulous, 
small excursion, but later they become larger and show tendency 
develop into stepping. They occur spontaneously when the animal 
held for examination and are affected external stimulus such 
pinching the tail. movements form constant accompaniment 
events isolation-alteration. Their cause and origin are unknown. 
Apart from lack neural excitation from higher centres, there has, 
course, been infliction injury the nutritional system part the 
cord, both regards blood supply and flow cerebrospinal fluid. 

With new knowledge spinal function, ampler speculation seems 
justified the nature shock and the course events isolation- 
alteration. The factor importance the nature the liaison between 
the terminal branches afferent nerve and those functional aggrega- 
tions motoneurones which comprise the motor centre (motoneurone 
pool). The agents liaison which transmit excitation (or inhibition) 
neurone are believed the boutons terminaux the neurone’s 
surface, both its perikaryon and its dendrites [2, 18, 
mechanism excitation believed concerned with the generation 
point depolarization (central excitatory state, c.e.s.) the 
neurone’s surface underneath each bouton. The area surface 
apposition bouton the synapse,’ whose activities form the 
characteristics central nervous action. 

The number boutons, and hence synapses, application 
single perikaryon the ventral horn 300 350 (cat) [19]. 
such final motoneurone are boutons that have taken origin from 
widely different sources, being transmitters excitation, through 
relay cells, from numerous reflex fields such areas skin, 
neighbouring muscle group muscles, from the selfsame muscle 
which innervated the final motoneurone question. propor- 
tion boutons represent the end relay, whereby impulses from the 


After many anesthetics, the crossed extensor responses may not appear for two three 
days. Dr. McCouch, the University Pennsylvania, informs that obtains 
that reflex twenty thirty minutes after transection under ether. 
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cortex, mid-brain, vestibule and other supraspinal sources arrive the 
final motoneurone. 

Within motoneurone pool (motor centre) single afferent nerve- 
fibre known excite different neurones the pool different 
intensities. Another afferent nerve-fibre will excite its own group 
neurones different extents also. the periphery the field each 
nerve-fibre’s influence, there lie neurones which are within the fringe 
excitation each, but are excited only subliminal intensity. Such 
neurones, however, may lie within the fringes two contiguous fields 
that when two afferent nerves two nerve fibres different pro- 
venance are excited simultaneously, the neurones are excited liminally 
and discharge [8, 33, 34]. 

According this conception, the boutons subserve the function 
linking the neurone with distant organs, the intensity representation 
any source being probably related the number boutons, least 
part. The perikaryon some part discharges response 
conditions which, first sight, might seem variance with the 
behaviour implied the term “all This variance 
documents itself reluctance discharge response single 
stimulus from single afferent nerve (1) only few afferent nerve- 


fibres, and therefore boutons, are (2) the activity the 


boutons either case, the variance due the 


summing central excitatory processes the synapses failing reach 
neurone threshold required for discharge. discharge, therefore, 
and the central excitatory state diminishes its resting value. 
other words, areas depolarization under the boutons, the one 
case, are too dispersed and the other case, too tenuous reach the 
threshold value which surface-depolarization whole must reach 
before discharge initiated. the contrary, when adequate 
number boutons receive impulses sufficient frequency, depolar- 
ization the motoneurone and its discharge ensue. Thus moto- 
neurones, and indeed all neurones, are played upon variously sized 
bunches boutons terminaux connected with different sources. Their 
discharge, once initiated and transmitted the axon, are new-born 
nerve impulses. 

After the discharge, depolarization the surface subsides and 


repolarization follows. When the motoneurone not discharging, 


1It established experimental fact that peripheral nerve sensitized subsequent 
stimulation preceding subthreshold stimulus which, itself, ineffective. (Gildemeister 


phenomenon) 
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has not just discharged, but rest, there exists its surface dispersed 
points depolarization forming unstable background maculate 
excitations, which, though summed, have subthreshold value for 
exciting the neurone whole. The neurone rest, therefore, 
kept the qui vive, that when fresh accession stimulation from 
new source, ina fringe [8], adequate raise the surface depolari- 
zation threshold value, there less leeway make because the 
effectiveness the new stimulus has been facilitated the pre-existing 
state subliminal excitation the surface. Besides excitatory 
boutons, there are some boutons which have the property inhibiting 
surface change (central inhibitory state) and preventing showing 
discharge 

Thus the final motoneurone which controls skeletal muscle, the 
relay neurone above it, played upon boutons widely different 
source excitation (or inhibition) casts its fringe 


provenance. 
Hence comes about that when the 


upon the pool motoneurones. 
spinal cord transected part whole, the lesion stops the normal 


torrent impulses from higher centres, fringe effects are reduced, and 
the background subthreshold excitation diminishes. The subnormally 
small streams excitation from lower (spinal) centres and from the 
muscle itself then sum only subnormally low grade subliminal 
the motoneurone excited much less easily because subnormally 
less the qui vive and the muscles become almost entirely flaccid. 
This “spinal the passive withdrawal 
excitation. Although the distribution afferent nerves (convergence) 
has anatomical framework, that framework only useful for 
conveying impulses when vivified healthy state functioning. 
Fatigue failure blood supply reduces the field for the time being. 
With spinal shock the reduction more permanent, but recovery soon 
begins show itself, least the cat, and the fractions within the 
pool may larger three hours than two hours after transection 
Strychnine increases the fraction, diminish it. Ephedrine 
increases the reflex excitability spinal monkeys [21]. cats, the 
crossed extensor reflex disappears section, but, already mentioned 
(p. 388), soon shows recovery. the dog the stretch reflex disappears 
after spinal section, but reappears fractional form after some days 
Some years ago, unpublished observations with Fulton, evidence 


Dr. kindly informs that for flexor muscles the effectiveness inhibitory 


stimuli from the contralateral side impaired after spinal transection, but recovers 


time. 
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ISOLATION-ALTERATION 


was found suggest the continuance the stretch reflex cats for 
few seconds (ten twenty) after spinal transection. and 
Fulton [25], withdrawing excitation fringes two stages, have 
produced shock two stages. Their method was extirpate limb- 
area from the motor cortex one side. The limb affected that 
operation was given time recover somewhat, and then the spinal 
cord was transected above the level the limb’s supply. The limb, 
deprived excitation for second time, showed shock again, but 
less extent than the fellow limb, which now suffered shock for the first 
time, and that completely. 

the early stages isolation-alteration, therefore, emerges 
after shock, the neurone less the qui vive, and can roused only 
strong stimuli, i.e. stimuli which activate many boutons. Such 
stimuli are effective the cat dog, for instance, only when they 
represent nociceptive stimulation limb phasic stretch reflexes 
(knee-jerks), but not static (postural) stretch reflexes, since the latter 
the stimuli are too asynchronous too infrequent elicit discharge 
the monkey, although there great difference between 
species and individuals, deprivation background excitation severe 
that knee-jerk not elicitable, least for some hours 
patas) days (Lasiopyga roloway) the cat dog, the 
lack background excitation has been less severe [31]. Often 
higher resting tension must imposed upon the knee-extensor before 
the jerk can elicited, that say, the reflex centres are now more 
dependent for excitation (central excitatory state) upon the muscle 
itself. This feature decreases with the passage time (p. 398), but 
nevertheless seems persist indefinitely some degree. Another 
feature the irregularity response series knee-jerks, which 
suggests that, owing lack background excitation from other sources, 
the centres have become especially sensitive excitation derived from 
the muscles’ own tension receptors and more appreciative small 
irregularities inevitable the mechanical tap. This phenomenon also 
diminishes with the lapse time subsequent spinal section. More- 
over, series tendon taps, often the first few elicit larger jerks than 
the later, when steady state reached. the preparation left one 
two minutes, this fatigue disappears and large jerks are again elicitable 
for time. This dependance upon background excitation came notice 
another way. one stage the investigation, the jerk was elicited 
fixing the myograph the armature electromagnet such 
way that the tendon, which, usual, had detached from the tibial 
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tuberosity, could slackened slightly when the current excited the 
electromagnet (Phillips When the current was broken, the myo- 
graph swung towards its zero, and doing, subjected the tendon 
sudden lengthening and excited the stretch organs the muscle. The 
rate release the myograph arm and therefore the rate lengthening 
the muscle was controlled electromagnetically pendulum which 
moved slide along resistance, that the rate was variable. Since 
the mechanical pull the muscle did not alter direction, might 
slightly when the tendon was tapped hand, was ensured that 
the same fractions the muscle were stimulated each occasion. 
had been hoped use this device for eliciting the knee-jerk during the 
investigation. had discarded, however, because failed 
elicit jerk the early days after transection, even when the muscle 
was lengthened slowly. failure the acute spinal state was due 
the fact that the preliminary slackening the muscle 
ground excitation the nerve-centres low value, with the result 
that when the stretch was given the muscular organs, even slowly, 
the central excitatory state derived therefrom did not build 
threshold value, and consequently jerk was elicited. the other 
hand, with ordinary decerebrate preparation, because its ampler 
margin background excitation, the mechanism was uniformly success- 
ful eliciting responses, was also spinal preparation when 
some degree recovery had taken place, although sign postural 
stretch reflex might yet present. spite its being put aside during 
the present research, the device carried promise means assaying 
background excitation. Dr. McCouch has pointed out that further 
reason for its failure, time when hammer tap the tendon 
was adequate stimulus, might that the hammer succeeds 
stimulating also the circumpatellar tissues, and arouses further 
source excitation 

yet another way, the manner delivering the tap spinal 
preparations important. tap given the index finger the 
tendon, when the latter detached from the tibial tuberosity and 
hooked the myograph, longer duration than the tap from 
metal rod hammer. Nevertheless, the height the jerk greater 
with the finger tap, because there longer period for central 
summation derived from longer recruitment peripheral stretch organs. 
one experiment, for instance, rod gave tap total duration 20c 
and maximum tension 450 grm. The jerk was 450 grm. tension. 
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The finger, however, with tap 200 grm. and duration 35c elicited 

The character the fibrillary tremors, seen within the first week 
after transection, suggests ceaseless synaptic bombardment, increased 
excitation decreased inhibition, both. The experiments presently 
described are suggestive increased excitation. 


METHOD EXPERIMENTS. 


The experiments (twenty-six number) were made cats 
varying intervals sixty days after complete section the cord 
about the level the last rib. 

Well known secondary effect spinal severance and found 
the state isolation-alteration, atrophy muscles, accompanied 
dehydration fascial tissues, which then form unyielding web 
especially the groin. the cat, the changes are often more 
marked than the dog, but they are variable and sometimes slight. 
They are mentioned here because, when severe, they may tend 
hamper movement the contractile elements and lessen the height 
the jerk. the cases here reported, however, dehydration the fascia 
was minimal and the contractile elements were unrestricted. 

Before myographic examination, the animal was anesthetized with 
di-ethyl ether and decerebrated the intercollicular level through 
trephine opening the skull. Immobilization the limb was secured 
appropriate nerve section tendon resection either during the 
before, soon after decerebration. The preparation was then 
left from one one and half hours rest. The myograph was the 
reflecting mirror type, with high vibration frequency. The tendon was 
tapped with rubber-covered metal rod, with the index finger. The 
increase distance the animal table below the myograph, and hence 
the increase length the muscle, obtained lowering the table, 
was measured with micrometer gauge. 


Ballif, Fulton and Liddell showed the decerebrate cat 
immediately after spinal transection, single inhibitory break shock 
applied the sciatic nerve lowers the central excitatory state such 
degree that for the jerk complete abeyance. Thereafter, 


criticism which may levelled against rapid stimulation stretch organs, and 
yet unanswered, that rapid extension, because potentially nociceptive, may stimulate 


the muscle’s nociceptors well its excitors. 
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gradual recovery ensues for one more seconds, until complete. 
Far different from this was the very brief period abeyance before 
transection, under (figs. and Other factors have noted 
after transection, such increase length and resting tension 
the muscle order raise the subliminal background synaptic 
excitation. there noteworthy departure from this rule. 
First, the muscle very rigid preparation may give such pronounced 
lengthening reaction, itself inhibitory process, and extend readily 
that responds only very small jerk, and that after considerable 
extension. Spinal section appears impair the lengthening reaction 


qrms. 


Fic. 1.—A series knee-jerks, recorded isometrically, forty minutes after complete 
section the cord headward the first cervical vertebra, decerebrate cat, without 
anesthetic. Fall signal shows incidence single inhibitory break shock applied 
ipsilateral sciatic nerve. Two jerks are partly inhibited, the first one more than the second. 
Recovery complete some secs. sec. Tension scale grm. Artificial 


respiration. 
Fic. preparation, before cord section. One jerk only inhibited, the one that 


almost coincides with the inhibitory stimulus. Faster plate than fig. sec. 
fig. Recovery from inhibition here complete 0°6 sec., but from other records 
not reproduced which the taps were differently timed, was found complete after 


only 


and thereafter the muscle may need extended less, even though 
spinal, give jerk. When the inhibitory effect the lengthening 
reaction not marked diminish excitation, increase length 
the muscle (and increased tension) increases the background central 
excitatory state and increases resistance inhibition. The increase, 
however, more the nature shift the whole curve from the 
base line. spinal preparations, after the lapse shock, the shift 
especially marked and there then lengthening reaction inhibit 
and reduce the central excitatory state. Another factor increasing 
synaptic excitation general vascular impairment, e.g. failing 
heart Except extreme cases failure, there prima 
facie rise muscle tension, but the increase subliminal excitation 
considerable, indicated the increased height the knee-jerk 
and increased resistance inhibition. 
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convenient mention here interesting effect the lumbar 
centres when the cord transected high cervical level, confirming 
Harmon and Fulton The resistance inhibition then slightly 
but distinctly greater than when section made subsequently the 
level the last rib (fig. 3). This greater resistance probably due 
measure excitation derived from the higher spinal centres. That 
the greater resistance due vascular impairment definitely excluded 
the knowledge that high cervical section causes greater fall 


3.—Recovery graph the knee-jerk after inhibition, made from myograph records. 


Ordinates, tension jerk grm. lapse time seconds after single inhibi- 
tory break shock ipsilateral sciatic nerve. (uninhibited) jerks are shown 


extreme right. 


jerks decerebrate state, spinal cord intact. 

jerks after transection cord headward first cervical vertebra: artificial 

jerks after transection cord level last rib. 


the decerebrate preparation, recovery from inhibition rapidly complete, after high 
spinal section slower, after low spinal section barely complete after sec. Note 
that the controls are more uniform the decerebrate than the spinal states. 

Resting length muscle cm. 


Additional extension for resting tension grm., tap 375 grm. 


general blood-pressure than low thoracic section. Munk, without 
using any specific test, noticed that the reflex excitability the cord 
greater with high than low thoracic section [28]. noted, 
from the data appended fig. that with the descending sections 
the cord, there increasing need for greater tension the muscle 
get fairly steady response, well need for tap greater 
amplitude. 
CHRONIC EXPERIMENTS. 
The operation spinal transection was performed with full aseptic 


precautions. Nembutal (40 mgm. per kg. intraperitoneally) was the 
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customary anesthetic. The level transection was about that the 
last rib. After operation, nursing care involved attention regular 
evacuation the bladder manual compression. such prepara- 
tion, subjected the routine myographic examination after decerebra- 
tion, found, even week two after spinal transection, that the 


Fic. 4.—Recovery curve four days after severance cord 12th thoracic segment 
Inhibition the knee-jerk complete for 0°3 sec. more, and thereafter grows less for the 
next second when recovery established. Note the irregularity the control 


500 1000 


Fic. 5.— Recovery curve twenty-nine days after cord section 11th thoracic segment. 
The control jerks are more regular than fig. 


jerks have become much more regular than they are the acute 
Among cases taken early the fourth day after tran- 
section, increased resistance inhibition already established (fig. 4). 
resistance gradually gains ground until after twenty days more 
the inhibitory break shock completely effective only for the first 100 
after which there sets return normal resistance. The shape 


preparation. 
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the recovery curve such cases bears close resemblance that 
many decerebrate preparations (fig. cases long standing (fifty 
sixty days), noted that recovery after the inhibition 
rapidly established (fig. and that when the nutritional impairment 
the tissues slight, the excursion the jerk exceeds that found the 
average decerebrate preparation partly because the shortening reaction 
This feature agrees with the free pendular jerk seen 


abeyance. 


ontrols 


1500 2000 


500 1000 


Fic. 6.—Recovery curve fifty-five days after severance thoracic segment. Com- 
plete inhibition lasts for sec., and recovery rapid. The jerks are large and the controls 
somewhat scattered. Scattering this case not due special sensitivity irregularities 
the mechanical tap, fig. which preparation gave jerks only with difficulty. Here 
the jerks are very easily elicited and their irregularity, though not great relation their 
size, points lack autogenetic control from the nerve-endings the muscle. Similar 
irregularity obtains also after partial lesions (antero-lateral) several weeks’ standing. 


before detachment the patellar tendon. and Sherrington [9] 
have noted that the chronic spinal dog eight months’ duration, the 
reflex discharge much longer lasting than the acute preparation. 
Another factor which may also play part the well-known effect 
the increase muscle fibre length upon the tension contraction. The 
true fibre length, however, difficult assess partly dystrophic 


muscle. 
The progressive increase resistance inhibition, figs. 
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show, constant feature the state isolation-alteration which 
emerges after spinal shock. does not appear due decreased 
effectiveness the inhibitory break shock, from degeneration 
nerve paths, because repetition the break shock, two three times 
rapid sequence, inhibits the jerk entirely for several seconds, just 
does the decerebrate preparation without spinal transection. Nor 
there any evidence suggest that the inhibitory fibres the sciatic 
nerve are more involved degeneration than the fibres the motor 
nerve.! 

Another aspect recovery the spinal centres their diminished 
dependence upon the stretch organs the muscle supply 
ground excitation. Other sources appear have become operative 
supply the subliminal excitation which normally keeps the neurones 
the qui vive, and the muscle needs stretched less give 
regular responses, the tendon taps also need less heavy, and this 
muscle which there has probably been some relative increase 
non-contractile the expense contractile elements. The following 
table shows the progressive characters the charge. 


ime since section of the Length of Resting extension Maximum 
dat approximat the muscle at needed to give tension of tap 
level of the last rest regular responses (grm.) 
! days 10'8 ,, 0°89 ,, 400 


Part the above data derived from the same preparations 
figs. 

When the cord itself behind the translesion examined micro- 
scopic section, severe and universal degeneration perikarya found 
all regions except the ventral horn. There the number chroma- 
tolysed cells small. The large majority ventral horn cells, stained 
with toluidin blue, appear absolutely normal, even forty days after cord 
section. preparations, the neuroglia appeared normal. 

conclusion, therefore, the origin the increased resistance 
inhibition isolation-alteration forthcoming from the present 
investigation. 

SUMMARY. 

The susceptibility the knee-jerk cats single-shock inhibition 
has been investigated various periods after complete section the 
cord the thoraco-lumbar region. 


monkeys, degeneration the sciatic trunk has been noted, probably because the 
sitting posture adopted the animal, which leads pressure the trunk [3]. 
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Susceptibility inhibition becomes progressively less, until, after 
fifty sixty days, the recovery curve resembles that decerebrate 


preparation with the spinal cord intact. 


Collateral evidence, derived from the degree muscular extension 
needed produce given background excitability, suggests restitu- 


tion central excitatory state almost normal values the spinal 


centres. 


Even real, such values for central excitatory state are, per se, 


useless the organism because the nexus with, and command from, 


higher centres permanently lost. 


McCouch the Oxford laboratory. 


The experiments described were begun during visit Dr. 
indebted him for colla- 


boration then, well for continued interest since leaving Oxford. 


have thank the Christopher Welch Trust for defraying photo- 
graphic expenses, and Mr. Marsland for histological work. 
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CONGENITAL DERMAL SINUSES: SOURCE SPINAL 
MENINGEAL INFECTION AND SUBDURAL 
EARL WALKER, M.D., AND PAUL BUCY, M.D. 


CONGENITAL DERMAL SINUSES. 


SACRAL and coccygeal pilonidal cysts sinuses are common congenital 
anomalies, but they rarely extend involve the meninges the spinal 
cord. higher spinal segments, however, sinuses, histologically 
identical with those occurring the sacral and coccygeal regions, are 
found reaching and even penetrating the dura mater. Such congenital 
malformations, forming epithelial tube from the skin the back 
the coverings the spinal cord, are potential pathway for infection 
the subdural and subarachnoid spaces. This source meningeal 
infection has been almost completely overlooked medical literature, 
and yet once recognized and the condition looked for such mode 
infection not rare might assumed from the lack reported 


cases. 
Case girl, aged was referred the University Chicago 
Clinies from the Children’s Memorial Hospital, Chicago. From her birth the 
parents had noted small dimple the midline the upper portion 
the child’s back. all other respects the child seemed perfectly normal, 
months age the site the dimple became swollen, purple colour and 
discharged slightly bloody material. The patient that time had high 
fever and sore throat. Shortly afterwards she began vomit frequently. 
physician noted that the back was rigid and lumbar puncture found 150 
cells the spinal fluid. After standing for hour pellicle formed the 
portion was injected into guinea-pig and the animal died three 


fluid. 
weeks later. the animal said have revealed evidence 
tuberculosis. Another observer saw the patient that time and found her 


“irritable and cranky.” The fontanelle was not bulging; there was 
strabismus and Kernig’s sign, but there was definite rigidity the neck. 
thought the child was suffering from encephalitis. Subsequently another 
specimen spinal fluid was injected into guinea-pig and again the animal 
This was considered conclusive proof that the child was suffering from 


died. 
tuberculous meningitis. 


From the Division Neurology and Neurosurgery, University Chicago Clinics, 


Chicago, Illinois. 
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This illness, with great irritability, evening fever, vomiting, loss appetite 
and rigidity the back, continued with varying degrees intensity for about 
eighteen months when, for apparent reason, the child recovered and remained 
perfectly well until years age. During the intervening three years, however, 
the mother had noticed occasional discharge from the dimple few drops 
milky material, which was times blood stained. This occurred two 
three times year and two occasions the skin surrounding the dimple became 
red and swollen. 

During November, 1932, the patient began complain pain the neck 
and back, particularly night. She was taken the Children’s Memorial 
Hospital. Examination that time showed spasm the left sterno- 
cleidomastoid muscle, scoliosis the upper thoracic vertebre with the 
convexity the right and small, slightly elevated dimple just above the 
spine the 5th vertebra. Both knee and ankle jerks were very lively 
and bilateral, sustained ankle clonus was present. The right plantar reflex 
was extensor and the left flexor. showed incomplete 
fusion the the 4th vertebra and marked spinal curvature. 
After ten days the hospital the patient’s condition improved greatly and she 
was discharged. During the following months she was examined frequent 
intervals the out-patient department that hospital. Her gait became pro- 
gressively more spastic, the reflexes the iower extremities more active, and 
times local tenderness was present over the 4th and 5th thoracic vertebre. 

Because this steady progression her condition, she was readmitted 
the hospital April 22, for lumbar The fluid was clear, 
under normal pressure, contained three lymphocytes and gave 
reaction for globulin (Pandy). The Wassermann test this fluid was negative. 
She was again treated the out-patient department. June the patient 
began scratch and rub the ulnar surfaces both hands and arms, presum- 
ably result Due this rubbing, was noted her 
next visit July that the ulnar surfaces both forearms were red and 
inflamed. The findings neurological examination that time were essen- 
tially they had been previously. Roentgenograms showed change the 
appearance the thoracic the defect the 4th vertebra. 
lumbar puncture revealed fluid under very low pressure, con- 
taining fifty red blood corpuscles and increased quantity globulin tested 
method. Queckenstedt’s test revealed partial block the spinal 
subarachnoid space. 

July 18, 1933, she was admitted Bobs Roberts Hospital the 
University Chicago for exploratory laminectomy. However, she 
shortly developed measles, thus delaying the operation. August 10, 1933, 
examination revealed the dimple previously noted just above the spine the 
5th vertebra. This was not tender, seemed freely movable the 
underlying tissues and discharge could expressed from it. Neurological 
examination reveaied abnormality any the cranial nerves. The tendon 
reflexes the upper extremity were normal; those the lower very brisk 
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the right somewhat more than the left. sustained ankle clonus was 
present the right side and transient clonus the left. The right 
abdominal reflexes were sluggish, the left brisk. Both plantar reflexes were 
extensor type. definite sensory level could found, although times 
one gained the impression that sensory perception was not acute over that 
portion the body below the upper thoracic region. The finer modalities 
sensation (two point discrimination, position-sense, stereognosis, could 
not tested owing the patient’s failure co-operate. There was 
localized atrophy any muscle group, but general the strength was poor. 
resistance was encountered passive movement the upper 
extremities, but the lower extremities there was definite extensor rigidity, 
which was more marked the right side. Co-ordination was fairly good 
throughout. scoliosis with its convexity the right the upper thoracic 
region and compensatory curve the lower thoracic and upper lumbar 
region were present. The gait was spastic and the patient walked with small, 
uncertain steps. When standing with her feet together and the eyes open she 
did not sway, but closing her eyes she tended fall one other side. 

lumbar puncture this time showed clear cerebrospinal fluid under 
pressure 110 mm. fluid. Jugular compression (bilateral) caused slow 
rise 240 mm. and equally slow return 110 after release the 
pressure, indicating partial block the subarachnoid space. Removal 
fluid caused the pressure fall mm. cells were found 
the fluid and the total protein content was mgm. per 
revealed the defective closure the the 4th thoracic vertebra 
previously mentioned. 

August 16, 1933, under ether laminectomy the 3rd, 
and 5th thoracic vertebre was performed. The spine the 4th 
vertebra was absent and the closure the posterior neural 
arch which had been observed the roentgenograms was seen. The 
dimple was found continuous with tough stalk tissue about mm. 
diameter. This stalk contained minute central canal from which thick 
caseous material could expressed. The stalk extended from the dimple 
downward through the posterior spinal muscles, through the defect the 
the 4th thoracic vertebra the dura mater, which was 
firmly attached. Beneath the dura mater this point firm mass was 
palpable. The dura mater above the tumour mass pulsated normally, but 
pulsation was present below it. The dura mater was incised around the 
fibrous mass, exposing thickened, white, and opaque arachnoid membrane. 
The arachnoid membrane about the margins the 
with the greatly thickened dura mater, and both were incorporated the 
thick fibrous mass which was firmly adherent the posterior surface the 
spinal cord (fig. This mass could removed only cutting off the 
posterior surface the spinal cord. This procedure revealed within the mass 
numerous cystic spaces containing thick caseous material which examina- 


tion was found contain many pus cells, but sterile culture. After 
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removal the fibrous mass palpation disclosed that the entire spinal cord 
the spinal cord was firmly adherent the much thickened arachnoid and 
dura mater, but additional masses abscesses were found. The dura 
mater was closed above the site from which the tumour mass had been removed, 
but closure that point was not possible because the large dural defect. 
The closure the wound was made the usual manner except that small 
soft rubber drain was left place. 

The post-operative course was uneventful. Except for moderate amount 
pain the operative site, the patient made complaint. Both sensation 
and movement the lower extremities remained good. Since the cultures 


--W Thoracic 
vertebra 


(Case 1).—Diagrammatic representation the congenital dermal sinus and the 
spina bifida the fourth thoracic vertebra, 


the purulent material were negative, the drain was removed the second day 
and the wound healed per primam. For the first week she had urinary and 
fecal incontinence, but then recovered complete control her bowel, and 
partial control micturition. 

Neurological examination two weeks after operation showed little change 
from the findings admission. indefinite level impaired perception 
pin-prick was present the 3rd thoracic dermatome. The reflexes the 
lower extremities’ were still very brisk, with ankle and patellar clonus and 
bilateral extensor plantar responses. The strength the lower extremities 
was fairly good, although first the patient walked wide base with 
gait. Romberg’s position she was fairly steady even with the eyes 
closed. 

She was discharged convalescent home and when seen six weeks after 
operation had subjective complaints. She walked much better, although the 
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PLATE 


(Case 1).—Composite plate the congenital dermal sinus showing the stoma, 


duct and part the abscess the base the sinus. 


the stoma, the epithelial 
Hematoxylin and eosin. 
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(Case plate the dermal sinus showin 
tube, its ending inflammatory mass beneath the dura. 


illustrate paper Earl Walker and Paul Bucy. 
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gait was still somewhat spastic. She had perfect control over her bladder and 
bowel. The reflexes the lower extremities were still quite brisk with ankle 
and Babinski’s sign both sides. 

December 16, 1933, she was able walk and run about without any sign 
spasticity limp. The tendon reflexes the lower extremities were brisk and 
both plantars were extensor. sustained ankle clonus was present the right 
side. sensory change could demonstrated any part the body. 

The family history irrelevant except that maternal cousin the patient 
has tuft hair and area thin skin about em. the upper 
lumbar region. The patient’s father suffering from schizophrenia the 
paranoid type. 

Pathological examination (Plate XIII, fig. 2).—The specimen removed 
operation consisted three pieces tissue. The first was bit skin about 
diameter, the middle the undersurface which could seen 
round white tube fibrous tissue with small central The second 
was the stalk connecting the skin with the contents the spinal canal. The 
third was tough fibrous mass tissue, form, em. 
diameter, one surface which was covered with dura mater while from the 
other thick caseous material could expressed. The tissue was fixed 
formalin, embedded and cut serial sections, right angles 
the skin surface the case the first specimen and parallel the long axis 
the subdural mass. Cross secticns were made the stalk. 

The sections were stained with hematoxylin and eosin for cellular detail 
with van Gieson and Perdrau’s method show connective tissue. Sections 
from the subdural mass were stained Loyez’s method for myelin. 

Study these sections shows that the malformation consists tube 
epithelial tissue opening out the surface the skin the dimple and 
extending downward the mass lying beneath the dura mater, which was 
turn closely attached the posterior surface the spinal cord. The skin 
about the mouth the tube shows little change except some subdermal 
fibrosis. Near the stoma occasional hair follicle seen arising from the 
epithelium the tube. Deeper, however, hair follicles other dermal 
appendages are present. The stoma itself and the canal the stalk are lined 
with stratified squamous epithelium and plugged with desquamated epithelium 
arranged concentric layers, the centre which more debris 
irregularly arranged. 

The epithelial lining the tube becomes thinner one approaches the inner 
end. The internal surface devoid and hence smooth. Although 
the cells the stratum granolosum are less numerous, granules keratohyalin 
are prominent. the very bottom the tube the epithelium defective. 
Surrounding the tube thick layer collagenaus fibres which may 
followed the base the tube where continuous with the thickened 
Along the epithelial wall the duct are small collections lymphocytes 
both becoming more numerous the stalk 
The epithelial tube, however, terminates above the 


dura. 
and 
approaches the dura. 
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dura, about em. above the spinal cord, giving way mass fibrous 
tissue. Beginning immediately below the lower and defective end the 
epithelial tube, this fibrous mass becomes densely infiltrated with inflammatory 
cells, small round cells, plasma cells, macrophages and occasional polymor- 
phonuclear leucocyte. The dense connective tissue mass composed largely 
thick fibres collagen, few fine fibres reticulin and few fibroblasts. 
many places within this thick felt-work connective tissue small abscesses 
are seen containing cells similar those noted above, and many multinucleated 
giant cells the type. bacteria were seen 
abscesses and will recalled that organisms could cultivated from this 
purulent material. Nowhere any nervous tissue seen. 

Dr. George Barthelmez, our Department Anatomy, very kindly 
examined sections this malformation. was the opinion that the 
histological appearance the skin the sinus with narrow malpighian layer 
and papilla was character and resembled that the dorsal 
side the finger tip four months’ foetus. considered that the small 
epithelial proliferations from the skin the sinus near its base were primordia 
sebaceous glands, and comparable findings skin. 

brief, the pathological picture that epitheliai tube 
extending from the skin through unfused spinal lamine 
inflammatory mass composed numerous abscesses 
lying beneath thickened dura, involving the arachnoid and attached 
the posterior surface the spinal cord. this case spina bifida, 
instead the usual type developmental abnormality which 
fibrous band connective tissue, fat, elastic tissue and striated 
muscular fibres passes through the vertebral cleft and connects the cord 
with the overlying skin” (Frazier the cord was connected 
epithelial tube passing through the defect the lamina the skin 
the surface the body. 

This congenital malformation identical with the pilonidal sinuses 
which occur the sacral and coccygeal regions. The name pilonidal 
misnomer since only per cent. those sinuses contain hair 
(Owen For that reason have called these malformations 
congenital dermal sinuses believe this more accurately describes 
the anatomico-pathological condition. Histologically, however, there 
distinction between the two anomalies. 

With understanding the pathology the case easy 
explain the pathogenesis the patient’s earlier illness, diagnosed 
tuberculous meningitis, from which she recovered. the course 
time infectious material undoubtedly found its way into the epithelial 
tube through the open stoma which appeared inoffensive dimple 
the surface. This set inflammatory reaction within the tube 
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attested the infection about the dimple and the sanguinous 
purulent discharge observed the parents. This infection spread 
through the end the tube the dura, which was one with the 
connective tissue wall the tube. The intradural abscess progressively 
grew, irritating the underlying leptomeninx and thus setting sterile 
meningeal reaction which was diagnosed tuberculous 
This not surprising error was reinforced the unexplained death 


the guinea-pigs. 
now retrospect continue the interpretation this patient’s 


story must conclude that the course several mouths she over- 
came the localized infection with the resultant subsidence the 
generalized meningeal reaction. She then enjoyed three years 
apparent good health, the end which time sufficient infectious 
material again entered the epithelial tube initiate second illness. 
Again, see evidence extension the inflammatory reaction, 
probably sterile, far beyond the seat the infection indicated the 
the ulnar surfaces the fore arms (eighth cervical and 
first thoracic dermatomes). The proliferative process which succeeded 
the initial infection during the first years life had undoubtedly left 
thickening the meninges, which this second infection now added 
abscesses and inflammation increasing the size the con- 
addition, adherence 


nective tissue mass compress the spinal cord. 
the inflammatory mass the spinal cord produced reaction within 
that structure. From both these factors paraplegia resulted, but the 
sensory pathways were not affected. This resistance the sensory 
fibres various pathological processes which damage the motor tracts 
is, course, commonly observed phenomenon many diseases the 


spinal cord. 
When our findings this first case were reported Dr. Joseph 


the Children’s Memorial Hospital, Chicago, immedi- 


ately informed that had another young patient which felt sure 
Accordingly the following 


must suffering from the same condition. 


case was referred us. 


Case 3-year-old white girl, was admitted the University 
Chieago from the Chicago Children’s Memorial Hospital March 
1934, with the complaint stiffness and pain the back and progressive 
She was the younger child 


Her birth and develop- 


weakness both legs since June 1933. 
Her mother had had two miscarriages. 


family two. 
mental history were quite normal. 
spine had been noted since birth. 


small hairy mole over the fourth lumbar 
She had had illness operations, but 


ye 
4- 
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February 1933 she fell from chair and fractured her left femur, for 
which she was put traction for five and half weeks. time she 
complained pain the back, but was not noticed until three 
months later that she had difficulty walking upstairs and was unable 
bend forward. Later, August, she complained itching and painful feet, 
and September she was admitted the Children’s Memorial Hospital. 
Blood and urine examinations that time were normal, the Wassermann and 
Kahn reactions the blood were negative, and both Mantoux and Von Pirquet 
skin tests were negative. Spinal puncture two occasions showed 700 and 
cells, and per cent. respectively which were lymphocytes. Culture 
the first grew proteus, but growth could obtained from the second 
specimen. Tuberculous meningitis was suggested the most probable diagnosis 
Roentgenograms the heart and chest were normal. 

The child was removed from the hospital against the advice the physicians, 
but returned because weakness the left leg. January 1934, the 
patient complained bitterly when the legs feet were moved, and seemed 
have the left foot. Neurological examination showed that all 
the cranial nerves were normal; knee and ankle jerks both sides were 
absent; both plantar reflexes were flexor. There was marked weakness 
the peroneal groups muscles the left leg, but the remainder the muscles 
the lower extremity seemed normal. gross sensory change could 
detected. that time attention had been our first case, and the 
reddened lumbar was then examined with great interest and the correct 
diagnosis was readily agreed upon. 

account outbreak exanthemata, operation had postponed 
and the child was sent home until the period quarantine was completed. 
During that time she seemed quite active and had complaints until one 
week before admission the University Chicago Clinics, when the left leg 
became paralysed and the right very weak. Two days later she had incontinence 
and retention urine with overflow incontinence. She had appetite 
and was and irritable. several the hairy mole the 
lower lumbar region became red and swollen. 

Physical examination revealed pale, poorly-nourished, but fairly well 
developed girl about years age lying quietly bed, her left leg the 
posterior half cast. She co-operated readily, but was apprehensive. Her 
general physical examination was negative except for the neurological findings. 

The cranial nerves were unaffected and the upper extremities were normal 
motor, sensory and reflex muscular status. The abdominal reflexes were 
absent. There was movement the umbilicus when the head was raised. 
the first examination, 12, 1934, both ankle-jerks could obtained, 
but four days later both were absent. The knee-jerks were constantly absent. 
The plantar reflexes were bilaterally flexor. clonus could elicited 
either knee ankle. change over any part the lower extremities 
could elicited. The left leg was completely paralysed except for slight 
movement the ankle and toes. The right leg could flexed the hip and 
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knee, but not extended. The ankle could both flexed and extended, but 
plantar flexion was much stronger than dorsi-flexion. The toes could 
readily flexed, but extension was weak. There was localized atrophy the 
leg muscles, although all muscle groups were small. The right leg was flaccid 
and the left moderately spastic. 

change any modality sensation could detected. 
moderate rigidity the neck and marked stiffness the spinal column that 
could not bent forward. Over the fourth lumbar spine red hairy 
about em. diameter was present, the centre which was minute 
This entire area was rather firmly attached the underlying tissues, 
There was tumefaction and palpable spina 


There was 


and was tender palpation. 
bifida. 

The child was able sit alone but unable maintain that posture 
unless her hands were kept the bed behind her prevent falling backward. 
She was unable stand walk. She had urinary retention necessitating 
catheterization three four times daily and enemas were necessary for the 
evacuation her bowels. 

Roentgenograms taken the pelvis and lower part the vertebral column 
showed incomplete fusion the the sacral segments. Blood 
examinations were negative except for leucocytosis 13,600 and 24,200. 
Urine analysis showed many leucocytes the sediment but was otherwise 
normal. During her pre-operative period she had lumbar puncture 
was made between the 5th lumbar and the first sacral spine and thick caseous 


pus encountered. 
particles debris. culture this fluid grew 


dirty fluid containing 
colt. 

March 17, 1934, general ether midline incision was 
made from the 11th thoracie the 1st sacral spine, the reddened being 
excised. Extending from the centre this area small white fibrous tube 
was seen passing between the spines the 4th and 5th lumbar down 
The lamina the 2nd, 3rd, 4th 


the dura which was firmly attached. 
The bone appeared normal. The 


and 5th lumbar were removed. 
dura, however, was tense and bluish, and there was mass the point where 


the fibrous tube entered the meninges. The dura, firmly adherent the 


arachnoid, was incised this point and the incision carried through mm. 
reddish granulation tissue. cystic cavity mm. diameter filled 
with thick creamy pus and some sebaceous material was encountered. The 
incision was then extended downward about the mass which lay between the 
4th and 5th lumbar Below that, the dura was readily separable from 


the arachnoid, beneath which the roots the catida equina could seen 
imbedded greyish gelatinous material. The abscess wall, however, did not 
extend below the level the 5th lumbar vertebra and the arachnoid was not 
opened below that point (fig. The skin and fibrous tube were cut off the 
posterior surface the arachnoid and pieces were taken from the wall the 


for further study. 


t 
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order reach the upper end the abscess, the lumbar and 12th 
thoracic vertebral were removed. After incising the dura beneath the 
12th thoracic the posterior surface the spinal cord was seen. The 
abscess was then opened point where the cavity seemed continue 
downward hole which appeared sink into the dorsal surface the 
spinal cord. was not followed further for fear injuring the substance 
the spinal cord. 

The dura was left open and two small soft rubber drains were placed the 
abscess cavity and led out from each end the wound. The muscles and fascia 
were closed with interrupted catgut and the skin with silk. 


Retracting 

dura to 

expose Cauda equina 
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(Case illustration the operative findings Case The 
situation and relation the and cauda equina the abscess are shown. 


The patient had slow but uneventful convalescence. Both drains were 
removed four days after operation, and very little drainage occurred following 
this. weeks after operation the wound was completely healed. Movement 
both legs increased, although the right continued stronger. Four weeks 
after operation the patient was able sit unassisted, but could not stand 
even with help. sensory disturbance could detected for pain, touch, 
position vibration sense. the right leg the patient had fairly good move- 
ment all muscle groups, but flexion the left knee was weak, and flexion, 
inversion and eversion the left ankle were extremely weak, there being just 
slight motion against gravity. The right leg was flaccid, the left and 
painful movement. knee-jerks and the right ankle-jerk were absent, 
but the left ankle-jerk was greatly exaggerated with sustained clonus. 
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PLATE XIV. 


Fia. (Case showing the lower end the dermal sinus penetrating 


the dura and opening into inflammatory mass. 


(Case 2).—A higher power photomicrograph the small square marked fig. 
The nature the inflammatory reaction well shown, and its extension into the dura mater 
shown the clumps cells, mainly small round cells, the dura mater the upper 


half the illustration. and eosin. 


Fic. (Case section the dermal 
meninges Case and eosin. 


Hematoxylin and 


sinus which led from the skin the 


illustrate paper Earl Walker and Paul Bucy. 
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When last seen May 29, 1934, she was able walk without assistance, 
although there was some external rotation and eversion All move- 
ments the foot and leg are now possible. She felt quite well and was very 
lively. 

Pathological examination (Plate XIII, fig. skin containing the 
dimple visible the surface and the subdural mass leading down from were 
sectioned serially and stained with and eosin, van Gieson’s acid 
picro-fuchsin and impregnated Perdrau’s method. 

Sections the skin revealed normal surface epithelium, the basilar layer 
which contains brownish pigment. There were the usual and 
the dermis are found many hair follicles, sebaceous and glands, all 
apparently perfectly normal. about the centre the section seen 
invagination the epidermis forming narrow epithelial tube which passes 
downward into the deeper layers theskin. The epithelial lining this tube 
very similar the surface epithelium except that the pigmentation the basal 
layer and the normal are absent. There are few fine hairs which 
project from the neighbouring dermal connective tissue through this epithelium 
into the tube. There are also few sudorific and sebaceous glands connected 
with this tube. The lumen filled with cornified, desquamated epithelial debris. 
the connective tissue the dermis immediately about the tube rather 
marked cellular infiltration. The cells are largely the lymphocytic series. 

Sections the subdural mass show the downward extension this epithelial 
tube. similar that near the orifice the skin surface except that there 
are hair follicles and glands. again there are papille. The 
tube passes beneath the dura mater, which continuous with the dense 
connective tissue sheath the epithelial tube. The tube terminates short 
distance beneath the dura mater, its lower end being open and its lumen 
communicating with extensive subdural abscess (Plate XIV, fig. 5). 

The subdural abscess composed mass inflammatory cells which 
about half are polymorphonuclear leucocytes and half lymphocytes. There are 
addition few endothelioid cells and few multinucleated giant cells. These 
cells are enmeshed loose reticulin network. The abscess intimately 
connected with the dura mater, strands which pass into the inflammatory 
mass (Plate XIV, fig. The remainder the dura mater infiltrated 
small round cells which lie about the vessels and between the collagenous 
fibres. There epithelium within the abscess other than the extreme 
lower end the epithelial tube mentioned above. 


This patient’s history was not unlike that the first case. Both 
were diagnosed tuberculous meningitis, and both had slowly pro- 
gressing signs and symptoms spinal cord involvement with mild 
remissions. Neither had significant sensory changes either before 
after operation. The dermal sinus this case, the first, consisted 
epithelial tube surrounded collagenous fibrous tissue. However, 
unlike the first case, contained dermal appendages and the sinus could 
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traced down through the dura, whereas the former case the sinus 
could followed only the epidural mass inflammatory tissue. 
The abscess cavity was much more extensive than the first case, and 
was impossible extirpate completely. noteworthy that the 
sinus passed between intact vertebral arches, instead through defect 


the the first case. 

The production abscess the subarachnoid space un- 
questionably due the same factors the first case—the presence 
long epithelial tube communicating with the skin which readily 
allows infecting organisms reach the meninges. 

The patient has been followed but few months, but the 
improvement this short time promising. 

Dr. Dallas Phemister informed that some twelve years 
previously had operated upon similar case. kindly had this 
patient attend the out-patient department and secured for the 
microscopical preparations the material removed operation well 
the entire record the case. through Dr. Phemister’s kindness 
that are liberty include his case with ours this Report. 

Case coloured girl, aged years, was admitted the Presby- 
terian Hospital, Chicago, October 21, 1921, the service Dr. 
Phemister. The patient was the second child family two, born full 
term spontaneously. Her development was quite normal, and the parents 
had noticed abnormalities except that the lower lumbar region the patient 
had dimple about which were few hairs. This had been present since 
birth. months age the child had pneumonia, and about the same 
time family physician had pulled some hair from the skin surrounding the 
dimple. Following this discharged pus short time and then healed. 
Since then had swollen from time time, broken down, discharging pus for 
period, and then healed again. The area was constantly tender, and the 
patient complained the back and occasional occipital 
headaches. 

Examination revealed fairly well nourished young negro girl presenting 
typical racial characteristics. She was not acutely ill. Physical examination 
that time was quite negative except for the local findings. the level 
the spine the 5th lumbar vertebra the midline was hairy, pigmented 
area the centre which minute hiatus could detected. The skin was 
tender palpation. neurological examination was recorded. The child 
walked with the knees semiflexed. 

Laboratory examination: The urine and blood were normal, except that 
there was leucocytosis 17,000. the spine showed 
lack fusion the spinous process the last lumbar and first sacral 
vertebre. 
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October 25, 1921, the patient was operated upon under ether anesthesia 
Dr. Phemister. incision about long was made parallel with the 
vertebral spines over the last lumbar and sacral The hairy pigmented 
area surrounding the minute opening the skin was excised. probe put 
into the hiatus was seen pass down stout fibrous tube through defect 
the spinous processes the 5th lumbar vertebra, and rest upon the spinal 
meninges. removing the fistulous tract the meninges were opened and 
about six drops glairy, gelatinous, slightly purulent material escaped through 
the rent. order completely remove the sac part the dura had 
cut away. Within this, what appeared friable sac wall was dissected 
free from the nerve roots. The dura was left open and cerebrospinal fluid 
escaped freely. The was closed with catgut and the skin with silk. 
One plain gauze was left the wound and removed the following day. 
October 27, 1921, two were removed and few cubic centimetres 
pus expressed. For week dark-brown pus drained freely from the wound, 
and then the discharge gradually decreased and the wound granulated, 
that the patient’s discharge November 15, 1921, had completely 
healed. 

The patient was seen again March 1934. Her mother stated that 
following the operation 1921 the patient’s gait had rapidly improved, and 
that she had bladder disturbance. that time, March 1934, 
she had complaint, and her mother regarded her normal. Examination 
showed that the operative scar was healed with swelling. There was 
sensory loss any part the body, motor weakness, gait was 
normal. The knee and ankle jerks both sides were absent. 

laboratory the Presbyterian Hospital, slide containing three pieces 
tissue was examined. The first specimen cross-section heavily pig- 
mented epidermis and subcutaneous connective tissue. Numerous dermal 
appendages, sweat and sebaceous glands and hair follicles are present, and 
present abnormality. There small irregular depression the centre 
the epidermis containing cornified epithelial debris one side and the 
opening hair follicle the other, possibly the stoma the dermal sinus. 
The second piece tissue cross-section small tube stratified 
squamous epithelium showing pigment the basal surrounded 
thick layer collagenous connective tissue and outside this con- 
siderable adipose tissue. The lumen the tube contains small amount 
cornified epithelial debris. The inner surface the epidermis devoid 
and dermal appendages are seen. Occasional small round cells are 
throughout the connective tissue surrounding the epithelial tube 
(Plate XIV, fig. The third section fibrous and collagenous connective 
tissue studded with small abscesses. These are composed masses small 
round cells and cells. other areas small collections these cells 
are present without any evidence central necrosis. few polymorphonuclear 


cells are present. one corner this specimen small piece epidermis 
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identical with that seen the first piece tissue present, and the 
opposite corner are epithelial tissue, probably small segment hair 
follicle. 

Even with these few sections evident that the condition present 
this case very similar that the first two patients. The extent the 
dermal sinus unknown, but demonstrated grossly probably extended 
least the subdural inflammatory mass. 


the previous cases epithelial tube leading from the skin 
inflammatory mass beneath the dura mater was found operation. 
The histopathology this was similar that the specimens from 
the first two cases. However, interesting note that there was 
pigment the basal layers the epithelium the tube, such 
was present abundance the normal epidermis. same phe- 
nomenon was noted Case which the epithelium, though 
from white girl, was heavily pigmented, whereas that from the tube 


contained pigment. 

Dr. Samuel Harvey, the Yale University School Medicine, 
has also informed that several years ago similar case was operated 
upon his clinic. ‘This case was recorded Moise and related 


here 


Case 4.—A white male, aged 18, was admitted the New Haven Hospital 
September 10, 1924. had always had the lower lumbar region 
sinus discharging watery fluid short intervals. week before admission 
the skin about the sinus became tender, and two three days later his back 
began ache. The day before admission had headache, general malaise 
and anorexia. There was nausea, vomiting convulsions. When admitted 
his temperature was F., pulse 86, and respirations per minute. 


appeared ill, his face was flushed, and his expression anxious. The heart, lungs 
and abdomen ‘were normal. Neurological examination showed very stiff 
neck, normal tendon reflexes the upper extremity, but absent knee and ankle 
jerks. sign was present. the midline over the upper sacral region 
Was area red and tender skin surrounding small sinus from which some 


thin pus could expressed. 
roentgenogram the sacrum showed sacralization the 5th Jumbar 


vertebra, irregularity the fusion the spines the 5th lumbar and the 
sacral and flattening the spine the ist sacral segment with 


defect below this level. 

Lumbar puncture provided cloudy cerebrospinal fluid under 
pressure containing 1,450 cells per cubic millimetre, predominately polymor- 
phonuclear leucocytes. few Gram-negative cocci were seen smears, and 
culture showed Staphylococcus albus. Daily tumbar puncture failed 
improve his condition, operation remove the sinus was advised. 
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Operative note: September 23, 1924. The sinus was injected with 
methylene blue and excised with the surrounding tissue. The sinus extended 
through small bony defect, measuring cm. the right 
the midline the junction the and 2nd sacral The incision 
was then extended and laminectomy performed. The spine the 1st sacral 
vertebra was flat and was removed. The underlying dura was stained deeply 
with methylene blue. There was tuft granulation tissue just beneath the 
defect the spinal column. This was excised after the dura had been opened. 
small rubber tissue drain was inserted through the upper part the incision 
down the dura. The wound was closed layers. 

Histological examination the excised sinus showed tube lined 
with several layers stratified squamous epithelium surrounded dense 
fibrous wall. 

The patient rapidly improved following operation, although for several days 
suffered severe pains his back and legs. Spinal! fluid drained from the 
wound for nine days. the time discharge the patient felt quite well, and 
there were neurological abnormalities. 


The author considered this case example pilonidal sinus which, 
instead ending blindly, communicated with the subarachnoid space 
through defect the spines the sacral evident that 
this similar the previously mentioned cases, and the only unusual 
finding the direct opening the tube into the subarachnoid space 
rather than into inflammatory mass about the meninges. likely, 
however, that this communication was secondary the infection and 
was not present the original congenital defect. 

careful review the literature has revealed three additional cases. 
case almost identical with that described Moise was reported 
Ripley and Thompson [1] 

Case male, aged months. The patient had normal birth. 
For two weeks prior admission had been fretful, when lifted. 
admission the child had temperature F., pulse 148, respirations 
examination revealed consolidation the right upper lobe 
the lung. days later, although the child’s condition was slightly im- 
proved, pus was noted the bottom dimple, and probe 
was slipped without encountering resistance. lumbar puncture 
em. thick yellowish pus was removed aspiration. Examination 
smear the material showed Staphylococcus albus. Operation was then per- 
formed, excising the sinus high the lumbo-sacral junction. One part 
the sinus lay within the sacral canal. The second sacral arch was absent. 


drain was inserted and the wound closed. 

When opened the sac removed operation was found contain sebaceous 
material and hair. Microscopical study the sinus showed the 
same structure normal skin with inflammatory reaction about it. 
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The wound drained poorly and the patient’s general condition became 
grave. Lumbar puncture was performed once twice daily drain the 
spinal fluid and relieve the intracranial tension. the eighth day after 
operation the spinal fluid appeared clear but was under considerable pressure 
and contained 430 cells mainly polymorphonuclear leucocytes. The patient 
died the ninth post-operative day. autopsy methylene blue injected 
into the lumbar subarachnoid space was found the operative wound. There 
was avery marked purulent exudate over the surface the cerebral hemi- 


spheres. 


This case identical with that reported Moise. Whether death 
was due the defective drainage the sinus, the failure spinal 
fluid escape from the wound, cannot said. 

The second case found the literature apparently similar the 
first three the above five cases, although there note the 
depth the dermal sinus, and hair was found its base. was 
reported and Sharpe [8] (pp. 269-371) case intradural 
dermoid. 


Case 6.—F. male, aged years, was apparently normal child except 
for small pinhead-size depression over the spine the lumbar region present 
since birth. His back was rigid, and from time time thick yellow dis- 
charge appeared the site the depression. Several operations 
excising the sinus only left the patient with marked weakness both legs. 
The wound broke down and continued drain purulent 

years age there was spastic paralysis both lower extremities 
but sensory changes any part the body. Roentgenograms showed 
defect the left lamina the thoracic vertebra. laminectomy was 
performed with excision the fibrous sinus which was attached in- 
flammatory mass about the posterior aspect the dura. When this was 
opened around the nodule mass caseous material containing hair was 
found imbedded between the dura and the left side the spinal cord. This 
was removed, drain inserted and the wound closed. 

The wound healed slowly, but otherwise the convalescence was uneventful. 
Motion returned the legs three weeks, and within year was able 
walk well, although the left leg was dragged slightly. 


pathological description the tissue removed given, but 
seems probable that this another example dermal sinus extending 
downward through unfused lamina end around the spinal cord. The 
striking point was the presence hair the base the sinus, 
phenomenon which not unexpected since the second case there 
was hair the upper portion the sinus. 


All the above six cases congenital dermal sinuses were asso- 
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ciated with evidence meningeal irritation and infection due 
infected material having passed down the sinuses these tissues. 
Clark [1] has reported case which seems similar these, although 
there was time any evidence meningeal infection, nor was the 
nature the lesion confirmed either operation necropsy. 


Case 7.—L. N., female, aged years. Her development was 
was noted that from birth the patient had small depression the median 
line between the 4th and 5th cervical spines out which grew small tuft 
hair about half inch length. She lacked dexterity and speed execut- 
ing delicate movements with her fingers and hands, but there was atrophy 
motor weakness except slight adduction, abduction, flexion 
and extensisn the little and ring fingers both hands. The remainder 
the neurological examination was quite negative. 

showed defect the 4th 5th cervical vertebra but 


cleft the arch the 3rd. 


From the clinical description is, course, impossible certain 
the exact nature the lesion, but not unlikely that this 
example the same malformation which has not yet become infected. 

careful search the literature has failed reveal further 
examples this congenital malformation. The similarity all seven 
cases, and the evident mode infection through the dermal sinus, 
quite striking and merits recognition clinico-pathological entity. 
The fact that two these cases presented clinical resemblance 
tuberculous meningitis still greater reason for the consideration 
this congenital anomaly any chronic meningitis, particularly opera- 
tion offers such excellent result. presence the minute 
opening the sinus the skin, commonly referred dimple, 
from which discharge occurred intervals, had been noted the 
parents all cases associated with meningeal irritation, before the 
patients were referred aphysician. when accompanied 
the typical history fever, stiffness and tenderness the back, neck 
rigidity, some degree motor weakness the lower extremities and the 
finding pleocytosis the spinal fluid, should make 
possible the diagnosis infected congenital dermal sinus extending 


the spinal meninges. 
Association with spina will noted that every case was 


associated with defect the posterior neural arch which could 
demonstrated radiographically. However, the defect demonstrable 
the second case the normal state for the sacral this age 
and cannot considered having any association with the congenital 
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dermal sinus which, unlike the condition found the other cases, passed 
through the opening normally present between the the 
4th and 5th lumbar vertebre. Thus, although can stated that 
this peculiar malformation usually associated with spina; bifida 
not necessarily so. 

Although spina bifida occulta generally considered not 
infrequent occurrence, there are very few statistics which base 
this conclusion. Mayer states that complete splitting the 
sacrum occurred per cent. cases, and that children over 
years age the first sacral lamina was not fused per cent. 
cases the general population. These figures indicate much higher 
incidence spina bifida than that reported Sutherland [9] the 
Mayo Clinic. approximately 12,000 roentgenograms the spine 
found 621 cases spina bifida, incidence slightly more than per 
cent. The condition was twice common males 
involved the Ist and 2nd sacral per cent. cases, the 
5th lumbar 24°5 per cent. mention made the incidence 
spina bifida occulta the thoracic region, but four cases are presented 
with the defect that region. 

1920 Theodora Wheeler reviewed the literature that time, and 
group 1,000 consecutive X-ray plates the sacrum found the 
incidence spina bifida occulta the first sacral vertebra 
per cent., and the the entire sacrum were unfused 2°89 
per cent. cases. The 5th lumbar was found unfused cases the 
1,000, and the atlas, the only other vertebra that series with spina 
bifida, per cent. 

Table shows the incidence spina bifida occulta series 
roentgenograms spine taken the University Chicago Clinics 
the past six years. These include films taken show trachea, 
cervical spine, colon, chest, thoracic spine, lumbar spine, urinary tract, 
pelvis, sacro-iliac joints, and lumbo-sacral spine; some which only 
incidentally showed the total number patients 
whom roentgenograms these parts were taken was noted, and then 
twenty representative roentgenograms each studied determine the 
mean number included any roentgenogram any the 
above structures. From these data was simple mathematical 
problem calculate the number times each vertebra had been shown 
the total number roentgenograms. All cases spina bifida occulta 
were then collected and reviewed determine the location the 
anomaly, its association with enuresis, motor sensory defects, local 


Cervical 


Thoracic 


Lumbar 


Sacral 


CONGENITAL 


Jertebr: No. 
Vertebra Roentgenograms 


manifestations such hirsuties lipoma, and other congenital 
abnormalities. These data are given tabulated form Table II. 
all 123 cases spina bifida occulta, which seventy-five were 


Percent- 


age 


2ssssss 


0:00 
0-016 


Qn 


Other 
congeni- 
tal abnor- 
malities 
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Enuresis 
Lumbo-sacral (L;-S;) 


males and forty-eight females, were found. 
the defect was the lumbo-sacral region, 111 occurring there. 
were present the thoracic region, but none except the first case 


The most frequent site 
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TABLE 
1,149 
2,815 
4,088 
5,381 
2,182 
0:06 
0-03 
5,907 
6,290 
6,712 
TABLE II. 
Local No signs 
Sensory Motor manifes- nor 
an anc dimple, pain 
&e.) to lesion i 
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reported here was there any external manifestation the defect, but 
four had scoliosis and other skeletal abnormalities. Three had several 
and two these had associated anomalies the ribs. 
Genesis congenital dermal consideration the 
development these congenital dermal sinuses leads discussion 
the theories advanced for the pilonidal sinus. 1892 
Mallory came the conclusion that these malformations were due 
failure obliteration the medullary canal the coccygeal 
region. This view has found much support, the most recent coming 
from Weeder article 1933. obvious, however, that 
this theory will not explain the presence these dermal sinuses any 


Fic. illustrating the possible development the malformation E., ectoderm 
N.G., neural N.T., neural tube; M., mesoderm Di., skin F., congenital 
dermal sinus C.T., connective tissue sheath sinus dura mater; spinal cord. 


region the body but the sacro-coccygeal, and that some other 
explanation must given for their presence the lumbar, dorsal and 
cervical regions. 

The conclusion would seem that the time embryo- 
logical development (the first month intra-uterine life) when the 
cutaneous epithelial ectoderm and the neuro-epithelial ectoderm should 
have separated, the cleavage between them was incomplete the 
particular point where the sinus occurred. Thus, the neural tube 
down with narrow invagination the skin, clothing with 
mesodermal covering continuous with its own connective tissue covering, 
the meninges. The cause this abnormal developmeat remains one 
the unexplained perversities intra-uterine development. have 
attempted illustrate this interpretation the development this 
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condition the accompanying sketch (fig. 8). Whether this same 
explanation the true for pilonidal sinuses cannot stated, 


but least possibility (Stone [10]). 


SUMMARY. 

Seven cases presenting clinico-pathological entity are described. 
congenital dermal sinus manifested externally small dimple 
the midline the back becoming infected, discharges periodically serous 
purulent material. This sinus extends the meninges and its 
lumen acts pathway for infection reach these structures. 
When this occurs, producing abscess formation, fever develops, the back 
becomes painful and rigid, and the neck stiff. Weakness the lower 
extremities ensues, but sensory disturbances are slight absent. The 


spinal fluid, usually sterile, shows pleocytosis. 
(2) Surgical removal the sinus and subdural abscess with drainage 


produces complete cure almost every case. 
(3) The relation this congenital dermal sinus spine bifida 


occulta discussed and the incidence the latter series 7,500 
roentgenograms taken the spine general medical and surgical 
clinic given. 

(4) The these congenital dermal sinuses 


cysts discussed. 
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ASPECTS SWEAT SECRETION MAN: WITH 
SPECIAL REFERENCE THE ACTION PILO- 
CARPINE. 


(From the Department Surgery, University Edinburgh.) 


has long been known that the general antagonistic relationship 
between the sympathetic and parasympathetic divisions the autonomic 
nervous system breaks down the case the sweat glands man and 
the cat. The sweat glands, though supplied solely nerves which 
are anatomically sympathetic, react drugs supplied parasym- 
pathetic nerves. Recently, however, physiological investigation has 
provided, the theory chemical transmission autonomic nerve 
impulses, more explanation this puzzling 
anomaly regards, least, the reactions the glands the cat. 

Since the initial experiments Loewi (1921) the evidence for 
chemical transmission the impulses autonomic nerves has grown 
steadily and late years with great rapidity. general survey 
the evidence Dale has pointed out that for all autonomic pre- 
ganglionic fibres the transmitter acetyl choline. For all parasym- 
pathetic post-ganglionic fibres the transmitter also acetyl choline, 
while for most sympathetic post-ganglionic fibres adrenaline-like 
substance possibly adrenaline itself. some sympathetic 
ganglionic fibres, however, the transmitter again acetyl choline. 
adopt Dale’s classification (1933), which based function and not 
anatomical distribution, autonomic nerve-fibres may cholinergic 
adrenergic. Dale and Feldberg (1934) have now established that the 
post-ganglionic fibres the sweat glands the cat’s paw are sympa- 
thetic cholinergic fibres, and they consider justifiable the assumption 
that the human sweat glands are similarly innervated. More direct 
evidence this point is, however, desirable since there some 
evidence that the human sweat glands may react pilocarpine 


differently from those the cat. 
The responses pilocarpine the sweat glands the cat’s paw 


Carnegie Research Fellow. 
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were studied Langley and Anderson (1904), Langley (1922) and, 
considerable detail, Burn (1922, 1925). They established (1) that 
the sweating produced pilocarpine occurred after division and 
degeneration the secretory nerves, and (2) that the response pilo- 
carpine might occur, though usually greatly diminished amount, 
after division and degeneration all nerves the part. Their con- 
clusions were that pilocarpine acted peripherally and the sweat 
glands directly. Other views have been expressed regarding the action 
pilocarpine man. Horsley (1910) used pilocarpine test for 
the level spinal cord lesions, test which implied, reality, belief 
that the drug acted the central nervous system. late 1929 the 
view was held (3) that pilocarpine acted the sympathetic nerve- 
endings. This view was shown untenable Lewis and Landis 
(1927) and subsequently others the practice surgical removal 
sympathetic nerves became common. more popular assumption 
(Billigheimer (1921), Woolard and Norrish (1933)) was that pilocarpine 
acted some fibres the spinal nerves other than the secretory 
sympathetic fibres. that assumption based theory that the 
human sweat glands have double innervation. 

Recently Cushing (1931) has brought forward suggestions great 
interest and importance regarding the action pilocarpine man. 
From observations the effects injecting pituitrin and pilocarpine 
into the cerebral ventricles concluded favour parasym- 
thetic the hypothalamus which could stimulated such 
substances injected intraventricularly, and believed that the normal 
excitant the centre was the hormone the posterior lobe the 
pituitary. The experimental evidence support such centre 
certainly strong; full account given Cushing’s papers. There 
seems also little doubt that the responses which observed intra- 
ventricular injection pituitrin pilocarpine were actually central 
origin. suggested further, however, that pilocarpine, when intro- 
duced subcutaneously intramuscularly man, might act partly 
wholly hypothalamic centre and not, had previously been 
generally supposed, peripherally. With the last suggestion the present 


investigation mainly concerned. 


CENTRAL ACTION PILOCARPINE. 


The possibility that pilocarpine when introduced subcutaneously 
caused sweating acting hypothalamic centre was tested 


observations 


At 
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(1) The sweating response the drug areas which the various 
types nerves had been divided. 

(2) The effects intraventricular injection pilocarpine cases 
hydrocephalus. 

(3) The effect injection into the skin. 


A.—The Sweating Response after Nerve Division and Degeneration. 


Methods.—The area chosen for study was the face, where sweating 
could readily observed. The motor, sensory sympathetic nerves 
the face had been separately severed operation, paralysed 
injection alcohol, the subjects investigation. The conditions for 
which operation was carried out need not discussed. When 
pilocarpine was injected care was taken exclude the effects heat 
emotion. Injections normal saline solution were used controls. 
Sweating was observed with the aid magnifying lens 
good light. Skin temperatures were recorded all cases means 
thermocouple arrangement. 

Loss motor and sensory function was tested the usual way. 
Loss sympathetic supply was tested warming the body under 
heating cage while protecting the face from direct exposure heat, 
The desympathectomized area remained pale and dry contrast the 
flushed and sweating skin with normal sympathetic innervation. was 
found that skin area sympathetic paralysis sometimes acquired 
during the test greasy moist appearance, probably from secretion 
sebaceous glands. The warming was therefore continued until profuse 
sweating appeared normally innervated areas. 

The period allowed for degeneration nerves after operative 


division was least three weeks. 


(1) Motor nerve degeneration. 

Case 1.—A boy, aged 11, had sustained injury birth the left facial 
nerve followed complete and permanent facial paralysis. The flushing and 
sweating response warming the body was simultaneous and practically 
identical both sides. The same result followed subcutaneous injection 


mgm. pilocarpine. 

nerve degeneration had effect the sweating 
response pilocarpine. 

The response heat showed that the secretory fibres the sweat 
glands were intact. They are not, therefore, distributed with the facial 


nerve. 
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(2) Sensory nerve division without degeneration. 

Case 2.—A woman, aged 57. Complete section the sensory root the 
left trigeminal nerve had been carried out eight months before. There was 
degeneration the distal axons the nerve had been sectioned proximal 
the Gasserian ganglion. 

The sweating responses warming the body and subcutaneous injection 
mgm. pilocarpine were simultaneous and equal both sides the 
face. 

nerve division had effect the response 
pilocarpine. The response warming the body showed that the 
secretory fibres the sweat glands the face were everywhere intact. 
Therefore, the secretory fibres are distributed with the branches 
the trigeminal nerve, they must join the nerve distal the 


Gasserian ganglion. 


(3) Sympathetic nerve degeneration and sensory nerve division one side 
face. 

Case 3.—Man, aged 40. complete section the sensory root the 
right trigeminal nerve had been out two years previously, and the 
superior cervical sympathetic ganglion the same side had been excised four 
months previously. Thus the right side the face the sympathetic nerves 
had degenerated (assuming that the post-ganglionic fibres the sweat glands 
the face have their cell-stations the superior cervical ganglion), and the 
same side there was sensory nerve division without degeneration. 

Warming the body revealed condition sympathetic paralysis the 
right side the face. 

Subcutaneous injection mgm. pilocarpine evoked sweating 


response both sides the face. The response was excessive and prolonged 


the desympathectomized area. 
Inference.—The sweating response pilocarpine remained after 
degeneration the sympathetic secretory nerves and this case the 


response was excessive. 


(4) Sympathetic nerve degeneration one side and sensory nerve 
the opposite side. 

Case 4.—Man, aged 39. The left superior cervical sympathetic ganglion 
was excised and portion the right supraorbital nerve resected. The right 
supraorbitai artery was injured and required ligation. The conditions were 
sympathetic paralysis the left side face and sensory nerve paralysis 
part the right forehead. 

The reaction warming the body was observed forty-eight hours and 
again the twenty-third day, when the nerves had degenerated. both 
occasions sweating appeared the left side the face and profuse sweating 
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was elicited normally innervated areas. the right forehead the distri- 
bution sweating the area was different each test. 
forty-eight hours the area which was completely anesthetic pin-prick and 
light touch remained dry, although some sweating occurred the lateral edge 
areas partial (fig. the twenty-third day the area 
which remained entirely dry was much reduced size. Its medial edge was 
not altered, but sweating appeared over part the area its 
lateral side (fig. 


Response warming the body the Response warming the body the 


the twenty-third day subcutaneous injection mgm. pilocarpine 
evoked excessive sweating response over the entire right forehead, well- 
marked response normally innervated areas, and moderate response over 
the left side the face. 

Inference.—The sweating response pilocarpine occurred after 
degeneration sensory nerves, and this case the response was 
excessive. The response after degeneration sympathetic nerves was 
very slightly below normal. 

The test warming the body forty-eight hours suggested that 
the secretory fibres the sweat glands had been severed the supra- 
orbital nerve. The second test the twenty-third day gave surprising 
result, which showed that many the secretory fibres the lateral 
part the anesthetic area were intact. The result will discussed 
later. 

(5) Sympathetic nerve division and sensory nerve degeneration the same side 
the face. 

Case 5.—Man, aged 50. The left sympathetic trunk was injected with 
alcohol frem the level the inferior cervical ganglion that the 4th thoracic 
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ganglion, and, addition, the left supraorbital and supratrochlear nerves were 
divided. 

There was thus sympathetic paralysis the left side head, neck and 
upper extremity. Degeneration fibres the face did not 
follow from the alcohol injection. Over area the left forehead the 
sensory nerves were divided and subsequently degenerated (fig. 


Fig.c. 
Area Sympathetic Paralysis 


Warming the body was carried out the fourth and thirty-second days, 
and sweating appeared the left side the face. 

Subcutaneous injection pilocarpine the third day produced 
approximately equal sweating both sides the face. the thirty-first 
day the sweating response the injection was considerably reduced over the 
whole desympathectomized area compared with normally innervated parts. 
the forehead area the response was very slight though definite. 


this case the response pilocarpine was reduced 
after interval thirty-one days following sympathetic nerve division. 
The response was greatly diminished nerves had 
degenerated. 


Case 6.—Man, aged 20. The left sympathetic trunk between the superior 
cervical and middle cervical ganglia was resected and the left supraorbital and 
supratrochlear nerves were divided. The conditions were similar those 
Case (fig. 

Sympathetic paralysis was confirmed warming the body the eighth 


and thirty-fourth days. 
the seventh day the response pilocarpine the left forehead area 


| 
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was greatly diminished, while the remainder the desympathectomized 
area sweating was excessive. 

the thirty-second day the response the forehead area was absent 
uncertain, and the remainder the desympathectomized area was delayed 
though ultimately profuse the right side. 


Fic. 
Sympathetic and Sensory Paralysis 


nerve degeneration led this case abolition 
the sweating response pilocarpine. Sympathetic nerve division 


was followed excessive response the seventh day but 
delayed response the thirty-second day. 


Discussion: The site action evident from 
these observations that division all types nerves the face did 
not prevent the sweating response pilocarpine injected subcutaneously. 
Therefore the drug did not act wholly mainly centre the 
brain. Sweating pilocarpine occurred also after degeneration all 
types nerves, and thus the response was obviously not dependent 
the presence undegenerated nerve-fibres. then must 
act not only peripherally but the sweat glands directly. 

The changes the sweating response after nerve division and degen- 
eration—We have seen that after sympathetic nerve division the 
response pilocarpine could normal, excessive, delayed reduced 
after degeneration the same nerves could excessive 
normal. After sensory nerve division could excessive, reduced 
absent probably the usual result considerable reduction. Motor 
nerve degeneration did not effect the response. clear that changes 
response are variable, and cannot predicted with any certainty. 
There are, however, two main tendencies. One for sympathetic 
nerve degeneration associated with excessive response, and the 
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other for sensory nerve degeneration associated with the dimin- 
ished response. 

Diminution absence response old experimental observa- 
tion. Burn, who found that denervation the cat’s limb led 
diminution failure the response pilocarpine the sweat glands 
the pad, first (1922) attributed the change the loss vascular 
responses occasioned sensory nerve degeneration. Later (1925) 
considered that disuse the limb from motor paralysis was the chief 
factor. the present investigation man degeneration the motor 
nerves the face muscles caused great alteration the sweating 
response pilocarpine, probably because disuse the facial muscles 
had little effect the vascular conditions the skin the face. Sen- 
sory nerve degeneration would seem, from the present investigation, 
the most potent cause diminution the pilocarpine sweating 
response, probably because accompanied alterations the local 
vascular responses. When sympathetic nerve division associated 
with delay reduction the response, the explanation may sought 
the disuse the sweat glands. 

Failure the sweat glands paralysed limb react pilo- 
carpine has frequently been observed man, and the observation 
not surprising. The sweat glands the limb are less active than those 
the face, and, when the nerves have degenerated, disuse muscles 
and sweat glands and loss vascular responses are combined 
militate against the response the drug. The observation, however, 
not evidence that pilocarpine acts otherwise than the sweat glands 
directly. 

The exaggerated response pilocarpine after sympathectomy was 
observed two subjects. constant relationship was found between 
sweating after pilocarpine and increased blood flow estimated 
rise skin temperature. one occasion the temperature 
normally innervated area immediately before the onset profuse 
sweating after pilocarpine was lower than that corresponding 
desympathectomized area which little sweating occurred. 
Again, was found that the temperature desympathectomized 
area with excessive response pilocarpine was higher than that 
the normal side. The exaggerated response was thus not solely 
result increased blood flow. The denervated glands apparently 
become hypersensitive the drug. Anderson (1905) found the same 
change the denervated pupil. The change doubt related the 
exaggerated response adrenaline after sympathetic degeneration 


(Elhott, 1904). 
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The distribution the secretory fibres the sweat the 
produced warming the body indicates the presence 
sympathetic secretory fibres. The response due central stimu- 
lation and the impulses are transmitted solely the known secretory 
fibres. the face these fibres may distributed with motor sensory 
nerves with the vessels. 

The responses the test Case and Case showed that the 
secretory fibres are not distributed with the facial nerve and that they 
are not severed the sensory root the trigeminal nerve. they are 
distributed with the peripheral branches the trigeminal nerve they 
must join the nerve distal the Gasserian ganglion. The first 
test Case appeared indicate that division the supraorbital nerve 
severed the secretory fibres over area corresponding roughly with 
that sensory paralysis, and support the view that the fibres are 
distributed with the peripheral branches the trigeminal. the 
twenty-third day, however, the area secretory paralysis was consider- 
ably smaller than that sensory paralysis. The conditions were 
complicated injury the artery, and possible that the secretory 
fibres are distributed with the vessels. The question can only 


decided further observations. 


B.— The Effects Intraventricular Injection Pilocarpine. 

The reaction intraventricular injection normal human subjects 
small quantity mgm.) pilocarpine was described Cushing. 
The effects were nausea, vomiting, retching, flushing and sweating, 
rise systolic blood-pressure and fall body temperature. There 
were pupillary changes. The sweating response was much more 
marked and prolonged than that after subcutaneous injection larger 
quantity the drug (12°5 mgm.). The effects, considered, were 
result stimulation hypothalamic parasympathetic centre the 
drug after resorption through the ependyma. The reaction failed 
cases severe hydrocephalus, and the failure attributed not 
changes ependyma choroid plexus, nor dilution the drug 
excess fluid, but destruction functional impairment the centre 
prolonged stretching the anterior wall the third ventricle. 
support his contention quoted failure response case 
where tumour had destroyed the anterior wall the third ventricle 
but had not caused hydrocephalus. have used the failure 
response hydrocephalus test the possible central action pilocarpine 
when introduced subcutaneously intravenously. 
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Methods.—The subjects study were infants with hydrocephalus. 
The block the cerebrospinal fluid circulation was proved all 
extraventricular, either observation operation injecting dye 
into the ventricle and recovering from the fluid. The interval 
which elapsed between injection the dye and its appearance the 
urine provided indication the severity the block and the time 
which peripheral effects might appear. Warming the body was 
employed test the integrity secretory fibres the area 
studied, and the presence sweating centres the central nervous 
system. 


Injection Appeared Salivation. 
mins. 


Injection Immediate; Slowin Salivation. 
intravenously. pallor. fall slow pulse, 
Reaction beats fall blood 
atropine 

mins. 


pilocarpine kind. 

beats. 


body. 


The responses pilocarpine introduced subcutaneously, intra- 
venously and intraventricularly were compared and control injections 
normal saline were made. 

cases suffice for illustration. 

Case 7.—Male infant, aged months. The pathological conditions were 


dorsal spina bifida the myelomeningocele type and ‘severe hydrocephalus. 
The results investigation are shown Table 
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Case 8.—Male infant, aged months. The pathological conditions were 
sacral spinabifida the myelomeningocele type and hydrocephalus moderate 
degree, which had apparently remained stationary for about one month. The 
results investigation are shown Table 


Maximum 
beats 


Procedure 


pilocarpine 


Appeared Immediate. 

pilo carpine lachrymation 

slight. 
Moderate. 


Appeared 


mgm mins| Sweating. after 

fall 


identical with Fhose 
injection. 


Injection all respects 


pilocarpine into | 
lambar 


Dye reeovered from lumber C.S.F. and from 


sulpho-nethalein 


intraventricalarly 
bod 


Discussion.—Case was example severe hydrocephalus, due 
extra-ventricular block. Absorption the drug into 
stream from the ventricular fluid must have been slow minimize 
the possibility peripheral effects. The reaction warming the body 
revealed the presence some sweating centre the central nervous 
system and proved the integrity secretory fibres the sweat glands 
the face. The sweating response pilocarpine injected subcu- 
taneously intravenously was not appreciably different from the 
normal. Intraventricular injection relatively large quantity the 
drug had effect any kind. 


mins 
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Investigation three other infants with hydrocephalus approxi- 
mately the same severity that Case demonstrated that 
intraventricular injection might cause retching and vomiting, coughing, 
and, occasionally, slowing the pulse, but other effects were seen. 
When the drug was injected after withdrawal much ventricular 
fluid could obtained the result was the same. all cases 
there was apparently normal sweating response subcutaneous 


intravenous injection the drug. 

these cases the block the cerebrospinal fluid circulation was 
such severity that pilocarpine introduced into the cerebral ventricle 
must have produced its effect central action and not peripheral 
action. The character the responses indicated obviously stimula- 
tion medullary centres, and therefore the failure the sweating 
response was not due changes theependyma. Nor was the failure 
result dilution the drug excess fluid since large quantities 
the drug were employed and the response still failed after removal 
excess fluid. The failure might, Cushing suggested, explained 
destruction functional impairment hypothalamic sweating centre. 
this explanation accepted, then, obviously, the sweating response, 
apparently normal all, subcutaneous injection pilocarpine could 
not due action the drug the centre. 

Case was example hydrocephalus moderate degree where 
complete destruction impairment the centre was unlikely. The 
obstruction the cerebrospinal fluid circulation was not great and 
peripheral effects were possible within twenty minutes. The responses 
intraventricular pilocarpine, particularly flushing and sweating, were 
very similar time relationships and character those following sub- 
cutaneous injection, and were fact such might expected from 
peripheral action the drug after absorption into the blood-stream. 
central action was probably the cause the frequent vomiting, but 
the sweating response was neither marked prolonged suggest 
sweating centre. Accepting Cushing’s view the response 
normal adults, and assuming the presence hypothalamic sweating 
centre young infants, may explain the failure central action 
this case due partial impairment the centre. 
bility, however, that such centre not developed infancy, and 
that the sweating response observed was actually result peripheral 


action. 
One other feature demands consideration. all cases hydro- 


cephalus sweating occurred when the body was warmed, thus establishing 


| 
j 
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the presence some sweating centre centres the brain 
spinal cord. Intraventricular pilocarpine failed stimulate the centres. 
assumed that the centres are susceptible the action pilo- 
carpine, follows that the drug, when introduced into the ventricle, did 
not reach them. Possibly they are situated deeply the substance 
brain cord. 

Further speculation this paper the question sweating 
centres infants and adults not desirable, investigation the 
subject proceeding. The results far obtained, however, furnish 
additional evidence that subcutaneous injection pilocarpine causes 


sweating peripheral action the drug. 


Injection Pilocarpine. 

The experiments this section tested the view that pilocarpine 
acted the sweat glands directly. 

experiments were all conducted one subject 
Case 9). Injections were made the skin the back the hands, 
which were previously warmed immersion water 40°C. and 
then dried. Substances for injection were dissolved normal saline 
solution, and 0°25 the solution injected room temperature 
intradermal wheal was first raised and the remaining 
solution injected slightly greater all experiments 
control injections 0°25 normal saline solution were made. 
The responses different substances were compared injecting 
corresponding points both hands. duration the sweating 
response was estimated intermittent gentle and thorough drying 
the area until the sweat beads failed reappear. The skin temperature 
the area was estimated. was found that the activity the sweat 
glands was approximately equal all parts the back the hand. 

The substances were injected: Pilocarpine nitrate (0°25 
mgm.), acetyl choline bromide mgm.), eserine sulphate mgm.), 
and histamine acid phosphate mgm.). 

all substances produced local change very 
similar the triple response which appears when the skin pricked 
through solution histamine (Lewis, 1927). There was central 
wheal and encircling flare surrounded slowly invading halo. 
Injection was accompanied rise skin temperature over the whole 
area, including the flare, and pain some severity but short 
duration, followed sensation warmth locally. The skin tempera- 
ture reached approximately the same level for all substances injected. 


SOME ASPECTS SWEAT SECRETION MAN 435 


Normal saline injections produced but less marked triple 
and caused only slight discomfort. 

The sweating the area injection was pro- 
duced pilocarpine and acetyl choline but other substance. 
Normal saline solution produced sweating. The response 
itself was not responsible for sweating. When was elicited 
pricking the skin through solutions each substance, sweating was 
observed. 

After injection pilocarpine sweating appeared between one and 
eight minutes and lasted one hour. involved area skin 
which was roughly circular and about diameter. The 
quantity secreted was small, and its height the response showed 
merely small beads just visible the naked-eye, while frequently 
could determined only examination with magnifying lens. 
the onset sweating tended spread proximally radiating lines, 
manner which suggested absorption the drug along superficial 
lymphatics later became, the flare, localized the site 
injection. Sweating persisted for some minutes after the flare had 
disappeared. eserine fifteen minutes previously did not 
augment the response regards either quantity duration. Atropine 
mgm.) injected into the area caused cessation sweating within 
two minutes. 

The sweating response acetyl choline was very similar that 
pilocarpine. flare was usually more distinct and widespread. One 
notable difference was that the response was augmented previous 
injection eserine, illustrated the following experiment. 

areas were injected with eserine and two with normal saline 
solution. Fifteen minutes later acetyl choline was injected into one 
area containing eserine and into one area containing saline solution, 
and saline solution was injected into the remaining areas. 
sweating occurred areas containing saline alone, saline and 
eserine. The response lasted for thirty-five minutes the area 
containing acetyl choline and saline, and for fifty-five minutes 
that containing choline and eserine, and the latter area the 
quantity sweat was appreciably greater. The response 
choline was also stopped local injection atropine. 

Discussion.—Sweating was not due introduction fluid, since 
saline did not produce it. Capillary dilatation, arteriolar dilatation, 
which was evidenced the flare, and plasma exudation were not 


responsible, these changes were well-marked all injections and 
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especially after histamine. Similarly sweating was not solely result 
the rise skin temperature. was employed test for 
indirect action pilocarpine producing acetyl choline stimulation 
cholinergic fibres. now established that acetyl choline 
esterase—which present blood 


destroyed specific enzyme 
and other tissues, and that eserine acts inhibiting the destructive 
action the enzyme (Matthes, Dale expresses it, 
indicator cholinergic effects. clear that our experiments 
eserine prolonged and intensified the action acetyl choline, but did 
not affect the response pilocarpine. Thus pilocarpine did not act 
indirectly stimulating cholinergic nerves. 

may conclude that sweating induced locally intradermal 
injection pilocarpine result direct action the drug the 
sweat glands the site injection. 

Two features observed these experiments deserve special mention. 
The first apparent augmentation the action pilocarpine after 
absorption into the blood-stream. the same subject the generalized 
sweating response mgm. pilocarpine injected subcutaneously was 
compared with the local response mgm. injected intradermally 
another occasion. The general response the hands was not appreciably 
less than the local response, and sweating did not appear pro- 
portional the calculated concentration the drug the tissues 
each occasion. 

Serum was tested and was found not have any intensifying action. 
Pilocarpine dissolved serum and injected ten minutes later had 
greater effect than pilocarpine dissolved saline. 

Another factor tested was increased circulating adrenaline. 
According Cushny there evidence that pilocarpine induces 
secretion adrenaline and Burn (1932) has shown that the effects 
stimulating sympathetic vaso-dilator fibres are enhanced increased 
adrenaline the circulating blood. The possibility that sweat secretion 
could similarly intensified was tested follows. 

corresponding points each hand pilocarpine was injected 
intradermally, interval ten minutes elapsing between injections. 
When sweating was well established the first area and had just 
appeared the second, c.c. adrenaline was injected subcutaneously. 
The general effects adrenaline blood-pressure and pulse-rate were 


well marked. obvious change was noted, however, the sweating 


areas. 
If, then, pilocarpine evokes greater sweating response after absorp- 
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tion into the blood-stream, the augmentation apparently not related 
increased circulating adrenaline action serum. Probably 
the drug more closely and accurately applied the sweat glands 
the blood than when introduced intradermally. 

The second feature note the response intradermal 
choline. Sweating lasted for thirty-five minutes after the introduction 
mgm. the ester, and was intensified and prolonged fifty-five 
minutes eserine. The effect eserine evidence the presence 
the esterase, but the duration sweating without eserine suggests that 
the quantity esterase the skin not great, and that the ester 
destroyed mainly after absorption into the blood-stream. Such 
mechanism would permit local cholinergic effects considerable 
duration while protecting effectively against action other organs 


tissues. 


PILOCARPINE OTHER THAN SWEATING. 


The actions pilocarpine the blood-pressure, heart-rate, skin 
temperature and secretions are illustrated Charts and These 
are records the changes Case and Case man years. 

Flush and skin temperature changes.—The flush affected the blush 
i.e. the face, neck and, lesser degree, the arms and front 
chest. After subcutaneous injection appeared about the same time 
did sweating, but usually faded before sweating ceased. was 
face. The flush appeared after division all types nerves, and 
therefore was not due central vaso-dilator action. was also 
present after degeneration the nerves, though usually slight after 
sensory nerve degeneration, and, thus, was not solely result 
axon-reflex. The probable cause was direct action the drug the 
skin vessels. Burn (1925) found that pilocarpine the cat exerted 
dilator action which was confined the capillaries. man pilocarpine 
probably dilates the minute vessels the skin. 

The flushing response pilocarpine was compared with that 
warming the body normally innervated areas. The flush after 
warming the body was somewhat more vivid and associated with 
greater rise skin temperature. The greater rise the skin tempera- 
ture was clearly consequence increased blood temperature. After 
warming, the rectal temperature rose F., while rise 
occurred after pilocarpine. Moreover, the skin temperature after 
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desympathectomized areas which did not 


flush, and which the vessels did not dilate. 

interest that the flush after pilocarpine has the same distribu- 
tion after intravenous injection choline (Carmichael and 
Fraser, 


Chart 


Case Male 
Blood 
Pulse Rate 
Ry $38 Q = 
Syst BP = 18 
110 
66." 
° 
30 60 60 
Ly 
25: 50 Did? 
4 
20° 


18.50° Room Temp. 


Minutes 
After Injection 


Minutes 
Before Injection 


Heart-rate effect heart-rate 
subcutaneous injection pilocarpine varied different 
three cases initial slowing was followed increased rate, while 
six subjects acceleration was the only observable effect. one case 
(Case the heart-rate was slowed throughout; Case was 
increased after subcutaneous injection and retarded after intravenous 


30 40 
155 30 
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injection. When acceleration was produced, the maximum rate was 
attained usually between ten and twenty minutes after subcutaneous 
injection. Acceleration was accompanied rise systolic blood- 


pressure. 


Chart 
Case 


Male Years. 


Blood 


Pulse Rate 
138 
84 


Temp. 


9 


7o 6 232 6 10 14 18 22 26 30 34 38 42 46 S50 54 SB 62 


Minutes Minules 
Before Injection After Injection 


Very similar variations have been described the reactions the 
human heart acetyl choline injected intravenously. According 
Carmichael and Fraser (1932) the usual effect was initial slowing 
followed increased rate, the first being accompanied fall, 
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the second blood-pressure. and Weiss (1932, 1934), 
who administered the ester continuous and prolonged intravenous 
injection, found that the heart-rate was generally unchanged slightly 
increased, but occasionally retarded. The blood-pressure was unaffected 
or, some subjects, moderately depressed. They found also (1934) 
very similar responses choline, which, however, was 
200 times powerful acetyl choline. 

evident that the most constant effect the heart-rate 
pilocarpine acetyl choline acceleration, which usually accom- 
panied rise blood-pressure. The obvious explanation such 
effects acetyl choline the action the suprarenal 
medulla, the fibres which are cholinergic (Feldberg and 
1933), causing secretion adrenaline. man this action apparently 
shared pilocarpine. Slowing the pulse, which may precede 
parasympathetic action. 


possible, though improbable, that slowing the heart-rate 
subcutaneous pilocarpine was due action medullary centres. 
Slowing occurred after intraventricular injection when peripheral 
could practically excluded, but the concentration the drug the 
ventricular fluid was then much higher than could offered the 
brain centres subcutaneous administration. 

the hemodynamic effects man acetyl choline 
former usually predominating. Those pilocarpine are very similar, 
and possibly even identical. 

Body fall mouth rectal temperature after 
subcutaneous injection was not greater than would caused the 
sweating produced. 

Other actions pilocarpine, such salivation and lachrymation, 
have not been specially investigated. 


SUMMARY AND DISCUSSION. 


The investigations reported here demonstrate decisively that man 
pilocarpine, introduced subcutaneously intravenously, causes sweating 
action which peripheral and the sweat glands directly. 
Pilocarpine, therefore, acts the sweat glands man the same 
way those the cat. This evidence removes what appeared 
formerly objection the conclusion that the human sweat 
glands are supplied, like those the cat, sympathetic cholinergic 
fibres. 
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Some apparent differences between the action pilocarpine man 
and the cat were also largely responsible for belief that the sweat 
glands man had double inervation. particular was thought that 
man pilocarpine acted some fibres the spinal nerves other than 
the sympathetic fibres. This view now rendered untenable the 
demonstration that pilocarpine sudorific action not dependent 
the presence undegenerated nerve-fibres. Cushing, true, has 
suggested that the impulses the sweat glands from the hypothalamic 
centre stimulated intraventricular pituitrin pilocarpine are propa- 
gated along sensory fibres with antidromic action. The suggestion 
has still subjected experimental test. 

The responses man pilocarpine and acetyl 
choline are evidently very similar, and the secretory responses are 
apparently identical. Indeed not improbable that detailed study 
the acetyl choline and pilocarpine, when administered 
the same way and comparable quantities, would reveal even closer 
convergence. The main difference that acetyl chlorine, when injected 
even with eserine, has overt action the heart, 
blood-vessels secretions. Presumably hydrolysed immediately 
the blood when absorbed slowly from the tissues. 

choline apparently much less rapidly destroyed 
and effective men after intramuscular subcutaneous injection 
(Starr, Eisom and Reisinger (1933). Its effects are very similar those 
pilocarpine similarly administered. 

Pilocarpine, therefore, reproduces very closely all cholinergic effects 
does not, however, act stimulation cholinergic nerve- 
fibres. acts directly the sweat glands, the blood-vessels and, 
probably, all cells capable response acetyl choline. The exact 
mode its action the cell, like that acetyl choline, remains 


determined. 


CONCLUSIONS. 


(1) Inman the general secretion sweat which follows subcutaneous 
injection pilocarpine due peripheral action the drug, and not 
action hypothalamic sweating centre. 

(2) Pilocarpine acts the sweat glands directly and not through 
the medium nerves nerve-endings. 

(3) The sudorific action pilocarpine is, therefore, the same 


men the cat. 
(4) These observations support the view that the human sweat 
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glands, like those the cat, are supplied cholinergic sympathetic 
fibres, and they furnish evidence against the belief that the human 
sweat glands have double innervation. 

(5) Changes the sweating response pilocarpine after nerve 
degeneration, the presence sweating centres the brain, and certain 
features responses intradermal injections pilocarpine and 
choline have been discussed. 

(6) Other actions pilocarpine have been considered. The flushing 
response pilocarpine due direct action the drug the 
vessels the skin, probably the minute vessels. Pilocarpine reproduces 
very closely cholinergic effects man. 

The majority the patients whom observations were made were 
under the charge Mr. Dott. indebted him for the 
opportunity carrying out many the investigations, and Mr. 
Wallace for assistance the experiments intradermal injections. 
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LOCALIZED ABNORMAL FLUSHING AND SWEATING 


UPRUS (TARTU), GAYLOR (GLASGOW), AND 
ARNOLD CARMICHAEL. 


THE literature contains not few records cases exhibiting, 
limited areas the head, flushing and sweating following eating. The 
explanation such phenomena has been largely speculative owing 
the difficulties collecting data established strict experiment. 
has been our good fortune see case which was possible 
determire further mechanism this abnormality experimental 
means denied previous observers and accessible virtue the 


unique site the condition. 


G., female, aged 22. 

When aged the patient had glands the right side the neck removed 
through horizontal incision over the middle the sterno-cleido-mastoid 
muscle. trouble was experienced until year after the operation when, 
eating, well-localized flushing occurred the right submental region—a 
triangular area bounded medially the mid-line, laterally the ramus 
the jaw point front the angle the jaw, and posteriorly 
the line the hyoid bone (see fig. 1). 

1This work was done while Dr. Uprus held Rockefeller Foundation Fellowship and 


Dr. Gaylor Halley-Stewart Research Fellowship the Neurological Research Unit, 
National Hospital, Queen Square, London. 
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Two years later, eating, profuse sweating over the abnormal area made 
its appearance. The local perspiration was invariably initiated flushing 
constant response the stimulus eating but frequently also with severe 
physical exercise. Apart from the condition the neck the patient had 
enjoyed excellent health. 

Examination.—The patient well-built healthy young woman, high 
intelligence and thoroughly co-operative the investigations which she was 
submitted. inspection under normal conditions, there was observed area 
light pigmentation the right submental region. Over this area sensation 
pin-prick and cotton-wool was diminished; the response 
scratch was present but was less extensive than, and not persistent as, 
the opposite and healthy side. Apart from these, abnormal physical signs 
were detected routine sensation over the rest the face was 
normal and the appreciation pain, touch and taste over the whole the 
tongue were intact. When the patient ate, flushing co-extensive with the 
pigmented and region occurred after the lapse few seconds. 
Sweating was observed over the flushed area thirty sixty seconds after the 
onset flushing. cessation eating the flush once began fade and 
more sweating was observed. 

Examination vasomotor reactions abnormal area.—From this exami- 
nation was concluded that the vasomotor control and 
the sweat secretion the right submental region was present. The abnormal 
area was within the region supplied the nervus cutaneus colli and the sensory 
disturbance indicated that this nerve had been injured, probably the 
operation when the patient was years old. The vasomotor supply this 
region from the cervical sympathetic, through the superior cervical ganglion 
the second and third cervical roots from which the peripheral nerve 
derived. 

The first line investigation was examine the reactions the abnormal 
area response stimuli calculated cause fluctuations the vascular 
calibre the skin. this laboratory the method obtaining vascular 
responses and sweating following the application heat cold the limbs 
has proved satisfactory giving results constant within fairly wide limits. 
The legs were, therefore, immersed for twenty-one and half minutes 
bath water 44° C., then transferred bath water 16°3° for 
twenty-six and three-quarter minutes. Flushing and paling the skin were 
observed directly and superficial temperatures were recorded means 
thermo-couples. Sweating was assessed degree and time direct observa- 
tion. addition, the responses the abnormal part the stimulus eating 
were observed under normal conditions and when general vaso-constriction 
the skin whole with inhibition sweat excretion was produced cooling. 

During the initial period control which lasted twenty-four minutes, the 
patient was given apple eat. Before this the temperatures the skin 
the submental regions were within C., and eating the apple rise 
temperature the right submental was recorded within fifteen seconds, the 
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temperature the opposite side remaining constant. Within two minutes the 
rise temperature was and about one minute after the commence- 
ment flushing, sweating had established itself. After cessation eating 
the temperature the abnormal side fell C., 1°7° below that 
the normal side and ultimately the initial level. Sweating was observed 
for over minute after the cessation eating and disappeared before the 
temperature the abnormal area had fallen below that the normal side. 
When the stability temperature recorded the control period had been 
regained, the feet and legs were immersed hot water. Flushing commenced 
the normal submental region ten minutes after immersion the legs into 
hot water and manifested itself that side rise degree and 
Only very slight rise was noted the abnormal side (see fig. With the 
stimulus heating the legs minimal amount sweating appeared the 
abnormal side eight and half minutes after the rise temperature and 
sweating had declared themselves the normal side. 

Cooling immersion the legs cold water produced immediate fall 
temperature and paling the normal submental synchronously 
neither phenomenon appeared the abnormal side. While the temperature 
the normal submental region was continuing fall, the patient was given 
apple eat. Similar effects those recorded the first part this 
experiment were again noted, but the after-cooling was much more prolonged. 
Ultimately the temperature the abnormal side rose above that the normal 
side. noted that when vaso-constriction and inhibition sweating 
were taking place the rest the skin, eating apple produced the 
anomalous effects flushing and sweating the abnormal area. 

Investigation the affector mechanism.—From the history the case 
eating apple was indicated being the most effective stimulus causing 
the flushing and sweating, the abnormal area. analysis affector 
stimuli was undertaken. Chips apple laid either side the mouth did 
not produce the abnormal reaction, but immediately she commenced chew 
flushing and sweating When the patient swallowed, apple chips 
being held the mouth without chewing, only slight momentary flush 
occurred. The stimulus chewing with the left side the mouth was 
potent that with the right. Mechanical stimuli, such biting stick, 
rubbing the inside the cheek, gums and tongue with the finger did not 
produce the reaction. The routine testing taste with salt, sugar, tartaric 
acid and quinine did not produce flushing when movement jaw tongue 
was executed the patient herself. per cent. acetic acid held the 
mouth produced slight temporary flush with sweating fifty seconds later; 
swallowing the acid caused another flush. 

Movements chewing alone without any object the mouth for period 
six minutes did not cause flushing. wad cotton-wool produced 
flushing thirty seconds with some slight sweating. Chewing wad 
cotton-wool soaked per cent. acetic acid produced flushing ten seconds 


and marked sweating. 
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ure 


Temperat 


Time Minutes 


Fic. 2.—A, Commenced eating apple. Stopped eating. Feet into hot bath. 
Feet out hot bath. Feet into cold bath. Commenced eatingapple. Stopped 
eating. Feet out cold bath. 
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The stimulus smell proved ineffective and reaction was noted 
following the inhalation ammoniacal vapour through the nostrils. Move- 
ments the scar and massage the submaxillary region did not produce the 


abnormal reaction. 
Anesthetization the right half the tongue painting its surface with 


per cent. cocaine hydrochloride was carried out. pain and 
The stimulus eating apple was again 


abolition taste were established. 
effective producing the abnormal reaction. 

Investigation the effector mechanism.-—The procedure here was two 
kinds. Firstly, the effects certain drugs with known pharmacological 
action were tried, and secondly the effects produced the 


particular nerves. 


Touch 


Pain 


continuous 


Five mgm. acetylcholine were injected intravenously. 
The 


record the pulse was taken before, during and after injection. 
rate was slowed, and flushing was observed following the injection and was 
The experiment was repeated with 


general except the abnormal area. 
larger dose (10 mgm.) with similar and more marked results. 

another experiment, mgm. atropine were injected subcutaneously. 
Within twelve minutes the pupils were observed larger and within 
fifteen minutes dryness the mouth was experienced. the end twenty 
minutes the pulse-rate had risen from 120 per minute and five minutes 
later 136 per minute. Twenty minutes after the injection she was given 
apple toeat. Abnormal flushing, unaccompanied sweating, occurred 
immediate response tothe stimulus eating: the flush did not pass off 
until three and half hours later when the atropine effect the cardiac rate 


was longer evident. 
Anesthetization the skin endings the nervus cutaneus colli was 


accomplished iontophoresis, using per cent. cocaine hydrochloride for 
The galvanic current caused considerable local histamine 


twelve minutes. 
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reaction that was considered advisable later block the nerve emerges 
from under cover the sterno-cleido-mastoid. This was done and the 
obtained showed that the great auricular nerve was also blocked 
(see fig. 3). Following the the abnormal area did not show 
the flushing, which was made out clearly the distribution the great 
auricular nerve and the normal position the nervus cutaneus colli. the 
height the patient ate apple; flushing and sweating occurred 
under normal conditions. 

The last procedure was block the right lingual nerve with its chorda 
tympani component. The anesthesia produced corresponded with the area 
innervated the lingual nerve and the sense taste was abolished the 
anterior two-thirds the tongue. There was suppression the salivary 
secretion from the orifice Wharton’s duct the right side. being given 
apple eat there occurred pathological response the stimulus which 


under ordinary conditions always produced the effect. 


CONCLUSIONS FROM EXPERIMENTAL WORK. 


Taking controls the responses the skin the face and the 
normal side the chin when indifferent limbs were heated, the response 
the abnormal area definitely pathological. behavedas does such 
area which the sympathetic outflow defective; therefore not 
only have the sensory fibres running the nervus cutaneus colli been 
interfered with, but also the sympathetic content that nerve. 

When the patient ate, flushing indicative vaso-dilatation the 
abnormal area occurred even when vaso-constriction was progress. 
the absence, therefore, normal vasomotor and sudoral reactions 
stimuli heat and cold the behaviour the abnormal region was 
independent that mechanism responsible for body heat regulation. 
short, the same stimulus which produced salivation caused com- 
bination vaso-dilator and secretory phenomena the abnormal area 
skin independent general vasomotor activity. 

The next line investigation afforded more information about the 
nature the affector stimulus. Mechanical stimulation the old scar 
and the region the neck round about was ineffective producing 
the response. Mere mechanical irritation and mild taste the mouth 
did not produce any effect the abnormal skin. When chewing was 
commenced the effect was produced provided that there was something 
the mouth. strong taste 0°5 per cent. acetic acid, without the 
movements chewing and swallowing, was only slightly effective. The 
most intense reaction was obtained eating apple. 

clear that the stronger the stimulus for salivation the more 
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readily did the abnormal skin reaction occur. From the fact that the 
reaction persisted after taste had been abolished the homolateral side 
the tongue, the mechanism was not likely local one the 
nature axon reflex from the taste endings the periphery, but 
reflex with afferent pathway the brain stem from either both 
sides the mouth. 

Appropriate stimulation one side the mouth does not limit 
itself effector response the homolateral salivary glands but manifests 
itself general response the part the salivary glands both 
sides. This section the investigation definitely points the affector 
stimuli being identical with those productive salivation; lack 
response weak stimulation, such passive movement and the use 
small test quantities various solutions placed the tongue, may 
considered subminimal the degree stimulation required 
produce the abnormal reaction or, the other hand, the abnormal 
reaction may have been produced slight degree have 
escaped detection the means our disposal. 

The last part the investigation was attempt establish the 
outgoing pathway. Acetylcholine given intravenously doses sufficient 
declare its physiological activity slowing the rate the heart 
caused subsequent vaso-dilatation all regions except the abnormal 
area. The transient activity acetylcholine makes the interpretation 
difficult. known that choline-like substance liberated during 
activity the submaxillary gland (Gibbs and and 
that acetylcholine perfused through the gland associated with glandular 
activity estimated the flow saliva and the vaso-dilatation affected. 
Acetylcholine very rapidly broken down the presence esterase 
the blood and consequently the cardiac manifestations occur first 
and may the only evidence its activity (Carmichael and Fraser, 
1933). possibilities arose; the flushing may have been the result 
peripheral activity acetylcholine, flushing may have been due 
reflex vascular phenomena dependent upon the primary factor 
cardiac inhibition. believe that the latter explanation the real 
one and that the peripheral vascular system responded whole 
the cardiac inhibition; the abnormal area which has been shown 
behave independent general and indifferent stimuli did not respond, 
was not considered possible investigate this point further owing 
the difficulty obtaining response the part the salivary 


glands acetylcholine. 
The effect atropine pharmacologically the salivary glands 
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render stimulation the chorda tympani ineffective causing secretion 
without impairing the vaso-dilator activity that nerve. The result 
eating during atropinization sufficient inhibit salivary secretion 
was the production vivid vaso-dilatation the abnormal area 
skin without the usual accompaniment sweating. This presumably 
analogous what occurred the submaxillary gland the same 
time. eating the chorda tympani was stimulated; this nerve 
known have true vaso-dilator fibres well secretory fibres. 
Experimentally, stimulation the chorda tympani vaso-dilatation 
the atropinized submaxillary gland, but secretion 
poured out. the present instance, the pathway was stimu- 
lated and vaso-dilatation, but sweating, occurred the abnormal 
area. Therefore, the outgoing pathways, the pathway the submaxillary 
gland and the pathway the skin are affected precisely the same 
way atropinization. 

the abnormal area blocking the nervus cutaneus 
colli was ineffective stopping the abnormal reaction, was suspected 
from the previous part this investigation when the general vasomotor 
reactions were tested. was concluded that the sympathetic outflow 
had been damaged and certainly the blocking the nervus cutaneus 
colli confirmed this surmise, for the following reason. result 
blocking peripheral nerve the sympathetic constituents that nerve 
are also blocked; following the removal the sympathetic influence 
vaso-dilatation occurs the peripheral distribution that 
the nerve sectioned this same phenomenon occurs and persists for 
long period until there some development intrinsic vascular 
Exactly similar phenomena are observed pure sympathectomies. 
There is, however, acute stage when sympathetic influence 
removed. The great auricular nerve area and the area the neck 
where sensation was intact showed vaso-dilatation response 
blocking the great auricular nerve and the nervus cutaneus colli, while 
that area where sensation was impaired remained unchanged until 
vaso-dilatation and sweating dependent upon eating were brought 
about. abnormal area had lost its sympathetic supply and conse- 
quently blocking the pathway where that supply normally runs did not 
cause any alteration the skin. 

anesthetization the lingual nerve with the chorda tympani the 
abnormal reaction the vessels and sweating the right submental 
region were not observed. afferent pathways 
might invoked explain the failure this response, but are 
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convinced that stimuli from either side the mouth were equally 
effective and difference response was observed when half the 
tongue and the gums and cheek the right side were cocainized. 

granted, from the evidence that have adduced, that there 
are, spite this homolateral pathways through 
which effective afferent stimuli may travel, then the abolition the 
vaso-dilator and sweating effect must due interference with the 
efferent pathway the arc. The lingual nerve does not contain any 
efferent fibres other than those secretory and vaso-dilator fibres which 
come virtue its association with the chorda tympani. The 
efferent pathway would, therefore, appear the chorda tympani. 
The chorda was involved the since observation 
the orifices Wharton’s ducts the floor the mouth showed profuse 
salivation from the left side and none from the right. 


DISCUSSION. 


have been unable find record identical case search 
through neurological literature. There are, however, two other condi- 
tions which appear closely related the syndrome which has 
been described above. They are the auriculo-temporal syndrome and 
that crocodile The symptoms the former appear 
eating, and are flushing and sweating the distribution the 
auriculo-temporal nerve. The etiology the condition all the 
recorded cases some suppurative process surgical interference 
with the parotid gland. The syndrome “crocodile tears’’ 
lachrymation occurring reflex response eating. always 
consequent facial paralysis, and most authenticated cases the 
site the lesion has been the neighbourhood the geniculate 
ganglion. will unnecessary review the literature dealing with 
these two syndromes, but salient from the literature will 
cited far they are germane the subject. 

Observers these syndromes are unanimous that flushing and 
sweating the syndrome and lachrymation the 
syndrome are manifestations the operation 
reflex arc, the afferent end which the gustatory ending. They are 
also agreed that the reflex more evident with chewing some strongly 
tasting food. These points have been established the present case. 
explain the origin the reflex, various possibilities have 


considered. 
Frey (1923) accepts the thesis that the reflex essentially normal 
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one but that has become accentuated through injury the auriculo- 
temporal nerve with subsequent irritation vaso-dilator fibres the 
cicatrix. André-Thomas (1927) invoked the idea parareflexes 
explain the phenomena. cites example parareflex the 
excessive movement the facial musculature recovering facial 
paralysis when the cornea touched. ‘There is, says, abnormality 
the afferent pathway, but the efferent pathway has become unspecific 
its activity. this way does explain the spread the vaso- 
dilator effect from the parotid gland the distribution the great 
auricular nerve. Ford (1933) his analysis four cases crocodile 
syndromes, gives very similar explanation. Guttmann (1931), 
who published several cases the auriculo-temporal syndrome, looks 
upon the condition release phenomenon. claims that vaso- 
dilator and secretory fibres going the affected area the face are 
released from sympathetic control through the original trauma, and 
that those vaso-dilator and secretory fibres are activated the stimulus 
eating. support his argument cites case where one 
side the neck the cervical sympathetic with the superior middle and 
inferior ganglia had been extirpated along with the peri-carotid sym- 
pathetic administration pilocarpine sweating appeared 
first the side the face homolateral the sympathectomy and later 
the opposite side where ultimately became greater amount. 
From this observation deduced that there are sweat fibres the 
skin the face apart from those derived from the cervical sympathetic. 

Admitting the normality lachrymal and skin reflex activity being 
set eating, Frey’s view difficult accept since the formation 
cicatrix per unlikely heighten the activity any reflex. 
view that parareflex operating through the nerve supplying the 
abnormal area is, far the present case concerned, untenable 
since, such were the mechanism, the anomalous response the 
stimulus eating would have been abolished the 
the nervus cutaneous colli. Guttmann’s conception depends the 
hypothesis that vaso-dilatation and sweat secretion the skin the 
face may activated nerves other than those derived from the 
cervical sympathetic. There established physiological ana- 
tomical evidence substantiate the claims that vaso-dilator fibres 
the skin the face exist, and that sweat secretory fibres occur the 
cranial nerves apart from those sympathetic fibres cervical origin. 

all cases with such abnormal flushing and sweating, injury has 
occurred the vicinity nerves which are known contain true 
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vaso-dilator and secretory fibres. similar syndrome has been 
recorded our knowledge within the neighbourhood nerve which 
does not contain vaso-dilator fibres. probable that the presence 
true vaso-dilator nerve fibres plays integral part all these con- 
ditions. the above experimental work this indeed because 
with anesthetized chorda tympani impulses 
abolished, invariably effective stimulus was applied without causing 
flushing and sweating. the majority the cases recorded the 
literature there has been long period latency some six nine 
months one two years between the injury and the onset 
symptoms. This lapse time renders the possibility regenerative 
anomaly being the responsible factor. 

the present case the afferent pathway this abnormal reflex 
has been identified with that the salivary reflex, and the efferent 
pathway with the chorda tympani far the point where the nerve 
was blocked. abnormal effect related activity the chorda 
tympani. have evidence connect the fibres the chorda 
tympani with the vessels and sweat glands the abnormal area, but 
the period latency between the original trauma and the onset 
symptoms consistent with unusual regenerative phenomenon 
having occurred. 
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THE course and terminal distribution the pyramidal tracts has 
been studied the past chiefly technique for staining myelin 
degeneration. Such degeneration from lesions the motor cortex, 
from interruption the pyramidal tract itself, can readily followed 
the white matter, and some histologists have also succeeded tracing 
into the grey matter. However, serious limitation the method 
lies the difficulty observing the exact course degenerated fibres 
after they enter the grey matter. Rothmann for example, using the 
Marchi method dogs and monkeys after lesions, was unable 
see degeneration the grey matter the cord even though degen- 
erated fibres were clearly demonstrable the dorso-lateral columns. 
result, was led suggest that the pyramidal fibres lose their 
myelin sheaths soon after they enter the grey matter. Later (1903) 
Collier and Buzzard called attention this possible source error 
the use the Marchi method, since their hands the technique was 
prone leave unstained the distal portions long degenerating 
neurones. 


From the Laboratory Physiology, Yale University School Medicine. 
Alexander Brown Coxe Memorial Fellow, Yale University. 
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Review Literature. 

1898 Pick [29] studied the problem cats and monkeys through 
degeneration spinal cord cells induced prolonged faradic 
stimulation the motor cortex. After stimulation the arm area 
the motor cortex for one-half one hour, removed pieces the 
cervical enlargement the cord. Nissl preparations these pieces 
showed pronounced chromatolysis, not only the large ventral horn 
cells, but also neurones lying more dorsally the grey matter. 
decided, therefore, that these cells are intercalated neurones connecting 
corticospinal fibres with the ventral horn cells upon which the pyramidal 
tract eventually exerts its influence. Pick’s conclusion was essential 
agreement with earlier observations von Monakow who observed 
destruction cells the formatio reticularis and the lateral horn 
cats and rabbits after unilateral pyramidal lesions. that time (1884) 
von Monakow called attention two theories concerning the termina- 
tions the corticospinal fibres: the first was that Deiters who 
believed that the pyramidal tract interrupted the formatio 
reticularis just caudal the decussation the pyramids, and that after 
all the fibres have come into contact with ganglion cells this region 
the tract arises anew, speak, proceed further caudally and end 
gradually the grey matter. Flechsig [7], the other hand, denied 
any such relationship between pyramidal fibres and the ganglion cells 
the formatio reticularis, believing that the tract proceeds without 
interruption into the cord, its fibres ending directly around the large 
motor nerve the ventral horn. This direct relationship between 
the pyramidal fibres and the ventral horn cells was not shown von 
Monakow, nor did agree with Deiters’ view that the lateral pyramidal 
tract arises from the formatio reticularis the cord. 

examining Marchi preparations the cords monkeys sacrificed 
ten forty days after unilateral extirpation portions the motor 
cortex, Mellus 1899 found possible trace degenerating fibres 
into the grey matter the cord but none were found ending around 
ventral horn cells. the same year Sharpey-Schafer [35] showed, 
after experimental lesions involving corticospinal fibres cats and 
monkeys, that degenerated fibres could seen running from the 
pyramidal tract into the grey matter where they lost themselves fine 
fibres amongst the cells Clarke’s column. also was unable 
follow fibres into the ventral horn, nor could demonstrate 
them any part the grey matter other than the base the dorsal 


horn and Clarke’s column. 
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Evidence that pyramidal tract fibres end directly ventral horn 
cells the chimpanzee has been presented Sherrington and 
later Leyton and Sherrington [22]. their experiments, carefully 
circumscribed lesions the hand area the motor cortex resulted 
degeneration small fibre filaments which could traced Marchi- 
Kulchitsky preparations into the ventral horn the grey matter the 
opposite side, especially the lowest brachial segments the cord. 
However, Lewandowsky 1903 using another modification 
the Marchi technique, could see degeneration fibres the 
horn monkeys after pyramidal lesions. According his observations 
the corticospinal fibres end the mid-region the grey matter between 
the dorsal and ventral horns, from the formatio reticularis the 
midline. 1903 Rothmann was able confirm Lewandowsky’s 
results the monkey but still found impossible demonstrate with 
the Marchi method degenerated fibres the grey matter the spinal 
cord cats. 

study myelin degeneration following lesions the internal 
capsule monkey (Macaca nemestrina), Probst detected fine, 
degenerated fibres the contralateral grey matter the cervical 
enlargement the cord extending medially about the middle the 
base the ventral horn and dorsally the base dorsal horn. 
the ipsilateral side similar degenerated fibres occurred very sparingly. 
Myelin degeneration was very scant the grey matter the thoracic 
and sacral segments but the lumbar enlargements degeneration 
similar character and distribution that the cervical segments 
was observed. another experiment, Probst called attention the 
fact that the degeneration extended ventrally far the middle the 
ventral horn. could not confirm Sharpey-Schafer’s observation that 
degenerated pyramidal fibres were traced into Clarke’s columns. 

human cases cord lesions involving the pyramidal tracts, 
Collier and Buzzard [4] prepared sections with the Marchi technique, 
and two instances were able see degenerated fibres running from 
the pyramidal tract into Clarke’s column the level the tenth, 
eleventh, and especially twelfth thoracic segments. Moreover, they 
could not follow such fibres into any paré the anterior horn. the 
succeeding year (1904), however, Dejerine and Dejerine described 
Marchi preparations from patient with unilateral pyramidal lesion 
which was possible follow degenerated fibres the entire length 
the cord. these sections they saw degeneration both anterior 
horns; degenerated fibres were completely absent the posterior 


horn. 
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Boutons Terminaux the Pyramidal Tract. 

This diversity evidence concerning the final terminations the 
pyramidal fibres seems largely attributable the limitation the 
methods used tracing degenerating fibres, and has, therefore, 
seemed advisable re-investigate the problem with technique that has 
been shown reveal the exact termination interrupted fibre tracts, 
namely, the method Bouton degeneration. preliminary experi- 
ments the distribution degenerated boutons terminaux the 
cord cats sacrificed three days after unilateral extirpation the 
motor cortex showed that fibres from the destroyed area ended around 
ventral horn cells the opposite side well cells lying further 
dorsally the grey matter. Degenerated terminals also occurred 
the ipsilateral side cells the ventral horn and the mid-region, but 
much more sparsely than the crossed side. immature monkey 
(Macaca mulatta) investigated that time, pyramidal endings were 
found the ventral horn, but the majority the terminals occurred 
the region described Lewandowsky, that is, the grey matter the 
intermediate zone. the present studies, the distribution the 
endings cortico-spinal fibres from the motor cortex adult monkeys 
and other primates has been determined the same method. 

(1) Previous 1897 Held [10] demonstrated the 
existence small loop-like structures occurring the surfaces 
neurones the grey matter the central nervous system. These 
Endfiisse boutons terminaux, which were reported also 1899 
Auerbach [1], again Held 1902 and 1904 [11, 12], Cajal 
1908 and 1909 [2, and later others, have come recognized 
axonal terminals forming synapses with other 
neuronal connections this type have been seen the spinal cord, 
medulla and brain stem they occur Purkinje cells the cerebellum 
(Stohr [36]), cells the granular layer the cerebellum, well 
the cerebral cortex (see, for example, Lorente [23]). They 
have been described the rabbit, cat and dog, and occur also the 
monkey [15], the baboon and the chimpanzee. terminaux 
essentially similar those found other mammals have recently been 
demonstrated the human central nervous system [17]. Finally, 
there evidence that such discontinuous synapses exist lower animals 
well. has been possible stain nerve terminals similar 
boutons terminaux spinal cord cells the frog, and Sereni and 
Young have shown that the mantle connective nerve cephalopods 
ends means small terminal structure resembling mammalian 


boutons. 
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(2) Bouton degeneration and its [13, 14] 
has called attention the fact that these terminal synapses rapidly 
undergo characteristic degeneration after section the axones 
which they are the endings. This degenerative process can seen 
cats and monkeys early twenty-four forty-three hours after the 
lesions swelling and thickening the loops. After three days the 
boutons are enlarged granular masses which are readily distinguished 
from normal terminals. The degeneration proceeds complete 
disintegration the boutons involved, four six days. These 
observations concerning the degeneration boutons terminaux have 
been recently confirmed monkeys Foerster, Gagel and Sheehan 
who sacrificed their animals three days after spinal de-afferentation. 
They also recognized the swelling and granulation characteristic the 
degenerating synapse. 

Sereni and Young [34] have also degeneration the 
small nerve terminals cephalopods. After section the mantle con- 
nective nerve, these endings become swollen and more deeply 
and finally disappear completely about two weeks. The time for total 
destruction the terminals varies inversely with the temperature 
the water which the animals are kept. 


Experimental modifications the boutons terminaux, somewhat similar 
their degeneration result surgical lesions, has been described 
Cajal preparations cords removed seventeen hours after 
ligation the abdominal aorta rabbits showed modification boutons 
terminaux those levels which had been subjected this experimental 
anemia. Their form and volume were diverse, they were granular and some- 
times very swollen and hypertrophied. Marinesco also observed that 
boutons terminaux are sensitive post-mortem changes. dogs kept 
room temperature for sixty hours after death, the boutons were greatly altered 
their volume was diminished, they assumed irregular forms and they were very 
granular and vacuolated. 

similar post-mortem destruction the boutons has been seen the 
Hoff unpublished observations). pieces spinal cord 
removed aseptically and incubated for twenty-four hours sterile physiological 
saline found that most the boutons are destroyed, while those 
which remain are granular and irregular without showing the enlargement and 
destruction the loop-structure typical boutons degenerating result 
nervous lesions the living animal. 


Post-mortem changes can thus clearly distinguished from the 
degeneration following section appropriate axones, and such degene- 
ration boutons may, therefore, employed determine the 


459 


SPINAL TERMINATIONS THE PROJECTION FIBRES 


cortex and from other levels the central nervous system. 


The present study based upon investigation five animals 
three macaques with unilateral extirpation the motor area alone 
(Brodmann’s area 4),and baboon and chimpanzee which both the 
motor and pre-motor areas (Brodmann’s area and area were 
removed onone side. All surgical procedures were carried out with the 
animals under sodium amytal ether anesthesia. Using aseptic 
technique extensive bone-flap was turned back each operation. 
The boundaries the excitable area were each case determined 
monopolar faradic stimulation, and the tissue extirpated with care 
prevent damage adjacent areas. Two four days after the 
operation the animals were sacrificed injection per cent, 
solution chloral hydrate, and histological material from the central 
nervous system prepared Cajal’s reduced silver method 


Experiment 1.—Mature male Macaca mulatta; weight 
(Pyramidal bouton series, No. 1.) 

The subject this experiment had had the representation the right 
lower limb removed from the left motor cortex May 1932 (see Schick 
Experiment 21). September 30, 1932, the animal was practically 
without evidence motor deficit the right lower extremity, and any 
bouton degeneration resulting from that lesion would have completely 
disappeared, there was nothing complicate its use for three-day bouton 
experiment. The details this operation and sacrifice are follows 

Operation.—On September 30, 1932, under sodium amytal the 
right cerebral hemisphere was exposed and the lateral limit the thumb area 
and the anterior boundary the arm area accurately determined monopolar 
stimulation. There was well-marked precentral which was 
taken the anterior limit the foot area, and the extirpation made accord- 
ingly. The central was carefully dissected away from the post-central 
convolutions and the entire block tissue comprising the motor representation 
the upper and lower extremities was removed one piece (fig. 1). 

The animal sustained flaccid paresis the upper and lower extremities 
the left side which persisted until was sacrificed. 

October 1932, 2.15 p.m., seventy hours after the operation, 
the monkey was with ether, and 1,000 per cent. solution 
chloral hydrate distilled water was injected into the brain and cord through 
the abdominal aorta, the arteries the abdominal viscera and the brachial 


distribution the spinal endings projection fibres from the motor 
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arteries having been ligated. Injection was continued until clear fluid flowed 
from the opened inferior The brain and cord were removed imme- 
diately and the latter was stained Cajal’s reduced silver method, formula 
(Bolles Lee The blocks were rapidly alcohol, cleared 
xylol, imbedded paraftin, and serially sectioned 

Distribution degenerated boutons the spinal cord. Experiment 1.— 
Upon examination, the whole series was found well the 
grey matter, the cell bodies and their dendrites werecoloured purple red-brown. 
Their nuclei had taken the stain sharply, and the intracellular neurofibrillar 
structure was clearly shown. Around the perikarya and dendrites, the peri- 
cellular neurofibrillar meshwork could seen Normal boutons 
terminaux and boutons passage were present large numbers loop-like 
terminals fine, darkly stained fibrils, densely applied the cell bodies and 
the dendrites. 

Not only were these normal terminals seen, but there were also present 
throughout the entire length the cord the side opposite the cortical lesion 


1).—Right hemisphere, Macaca mulatta. The crossed-hatched 
area the motor cortex which was extirpated. 


enlarged, swollen and granular boutons dendritic and perikaryal surfaces. 
the side, such degenerated endings were found aiso, although they 
were less numerous. Plate XV, figs. and 14, are shown degenerated 
boutons from this animal, the level the first and second segments, and for 
comparison Plate XV, fig. 15, shows degenerated boutons internuncial cell 
body the seventh lumbar segment adult cat which the 6th, 7th 
and 8th right dorsal roots had been sectioned extra-thecally three 
days before the animal was sacrificed. each instance, the appearance 
the boutons essentially the same. Plate XV, figs. and show, they 
are elongated, enlarged and granular, while the loops characteristic the 
normal boutons can scarcely distinguished. The shape the degenerating 
boutons variable, but for the most part they are long and spatulate pear- 
shaped and thick. Usually they are twice three times the size average 
normal terminals. 

The distribution these degenerated endings, which the term pyramidal 
boutons may applied, illustrated the series drawings shown 
figs. and these figures the solid black circles indicate the position 


perikarya upon which degenerated terminals occurred, the triangles represent 
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dendrites terminals, and the crosses indicate bouton degeneration 
portions dendrites close their cell bodies that their point entry 
into perikarya could seen the section. The number degenerated 
boutons each cell body dendrite not shown these diagrams. 
fig. however, the total number degenerated terminals, irrespective 
whether they were cell bodies dendrites, indicated drawings the 
cord the levels the 6th cervical and the post-thoracic segments. 
Each solid black represents pyramidal boutons, and each drawing 
compiled from three sections, indicating, therefore, the total number degen- 
erated boutons seen section spinal cord thick. such 
selected sections the proportion pyramidal bouton the 
uncrossed side the crossed side was, the cervical segment, about 
the segment about and the post-thoracic segment 
about 

the first cervical level, pyramidal boutons occur chiefly the inter- 
mediate zone lateral the dorsal and ventral grey commissures. They were 
found also ventral horn cells, but more sparsely. There are degenerated 
terminals perikarya well dendrites, whereas the young macaque 
previously reported [15] the pyramidal terminals were chiefly peridendritic. 
the lower cervical segments, the distribution similar that C1; 
degenerated boutons are predominant the intermediate zone the crossed 
side with many also cells the same region the uncrossed side, and 

the segments, degeneration was restricted almost entirely 
area fig. just lateral the central canal the crossed side and the cor- 
responding region the side the lesion. There were few pyramidal boutons 
the lateral horns, and some also the ventral horn (fig. Th. 6). Occasion- 
ally degenerated terminals were seen cells Clarke’s column, but fig. 
Th. shows, most the degeneration occurred area just ventral and 
lateral Clarke’s cells. 

The total number degenerated boutons per section the post-thoracic 
segments was less than the cervical enlargement. They were distributed 
most densely the intermediate region both sides the cord with only 
very few ventral horn cells. 

Experiment 2.—Immature male Macaca mulatta weighing grm. 
(Pyramidal bouton series, No. 10). 

Operation.—On February 1934, under sodium amytal the 
left cerebral cortex was exposed and the excitable motor area (Area delimited 
exploration with monopolar electrode. The whole the motor area 
above the representation the face was then removed single block (fig. 
6a), using the cutting current Davis-Bovie unit incise the arachnoid and 
spatula complete the extirpation (10.40 a.m.). Subsequent histological 
examination showed that the lesion, the anterior limit which lay slightly 
front the line excitable tissue, determined stimulation, had not, 


however, involved the premotor 
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(Experiment 1).—Sections from the cervical enlargement the cord adult 


macaque sacrificed three days after extirpation the right motor area. The solid black 
circles indicate the positions cell bodies upon which degenerated boutons were seen. The 
triangles indicate dendrites showing such terminals. The crosses represent peridendritic 
degenerated boutons occurring close the cell body. (Drawn with the aid projector.) 


TH4 
TH5 


(Experiment 1).—Sections from the thoracic region the cord. The circles. 
triangles and crosses have the same significance fig. (Drawn with the aid 


projector.) 
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February 1934, 11.15 p.m., the monkey was anesthe- 
tized and injected through the abdominal aorta with 500 0°9 per cent. 
saline, followed 750 per cent. chloral hydrate. The brain and 
cord were then rapidly removed and placed for further fixation per cent. 
chloral hydrate. Segments the cord were stained and sectioned. 


P-TH 
P-TH 
Fic, (Experiment from the lumbar enlargement the cord macaque 
sacrificed three days after extirpation the right motor cortex, showing the distribution 
bouton degeneration. (Drawn with the aid projector.) 


imm 
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(Experiment 1).—Drawings the grey matter the cord the levels the 6th 
cervical and 5th post-thoracic segments. solid black circle represents ten pyramidal 
boutons, and each drawing compiled from three sections each thick. 


Distribution degenerated boutons the cord (Experiment 2).—The 
sections were richly impregnated and translucent purple-brown colour, 
showing well-defined unshrunken nerve cells. Their nuclei internal 
neurofibrils presented normal appearance. numbers boutons could 
seen the surfaces cell bodies and the fine fibrils which they were 
terminals could traced for some distance from the cell. Most the terminal 
tibrils were seen approach the cell this way, and did not form thick fine 
meshwork such present Usually the fine fibrils ran along 
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the cell surface for before they terminated, and often crossed other 
fibrils coursing along the cell surface. the proximal parts the dendrites, 
there were fine fibrils very closely applied the dendritic surface. These 
fibrils sometimes crossed one another, but usually ran parallel. They terminated 


(Experiment 2).—Left cerebral hemisphere, The cross-hatched 
area the motor cortex (above the representation the face) which was extirpated. 


(Experiment 3).—Left cerebral hemisphere, Macaca mulatta. The broken line 
the site the superficial cortical incision made the first operation and the cross-hatched 
area the motor cortex which was subsequently removed. 


means loop-like boutons the same way did the pericellular fibrils. 
The normal boutons this preparation showed striking correlation between 
size the terminals and their distribution. has previously been observed 
the cat that the internuncial cells the mid-region the terminal boutons 


P-TH 


Fic. (Experiment 2).—Sections the cervical and lumbar enlargements the cord 
macaque showing bouton degeneration after extirpation the left motor cortex. The circle 
and triangles have the same significance fig. (Drawn with the aid projector.) 


are normally larger than ventral horn boutons. only are the largest 
boutons the cells this mid-region larger than the largest terminals the 
motor horn cells, but the numbers such large endings are also greater 
the mid-region cells. the present experiment, the normal boutons the 
cells lying the base the dorsal and ventral horns were mostly the large 
type. They were simple, round elliptical loops without internal structure 
and some cases greatly elongated and narrow. These large normal boutons 
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were found chietly the cell bodies. had been seen previously the cats, 
there was large number small boutons the order diameter 
the ventral horn cells. These minute loops were nearly always circular 
shape. 

The distribution degenerated boutons shown fig. both the 
cervical and lumbar enlargements the most massive degeneration was present 
group cell bodies and dendrites lying the bases the dorsal and 
ventral horns, and the lateral and middle part the ventral horn the 
side opposite the lesion. this animal there were only few degenerated 
boutons large ventral horn cells, and many sections none could found. 
The degeneration the uncrossed side involved about third many boutons 
that the crossed side and occupied the base the dorsal horn and the 
mid-region. 

remarkable feature the distribution the degenerated boutons the 
cells this cord the fact that the case any particular cell they usually 
end exclusively the dendrites with none the cell body vice versa. 
Thus, many cells could seen with particular dendrite studded with swollen 
terminals within the cell body proper, which only normal 
boutons were present. 

3.—Immature female Macaca mulatta, weighing 3,200 grm. 
(Pyramidal bouton series, No. 7). 

One has shown that the monkey, fibres originating the premotor 
area (Area Brodmann) sweep backward into the motor cortex and are 
thence projected uninterrupted into the cord. The present experiment has 
been devised exclude the endings these fibres the bouton degeneration 
following extirpation Area and accordingly two operations have been 
carried out. First, superficial incision separating Area from Area was 
made. Thirty-seven days later when the boutons constituting the terminals 
the fibres from Area had entirely disappeared the cortex was re-exposed 
and Area extirpated. 

First operation. cortex between Areas and 6.—On January 
1934, the left cerebral cortex was laid bare under sodium amytal 
and the line associated with the anterior margin the Betz cell area identified. 
The vascular distribution this region was such that incision depth 
to6 mm. was easily made, extending along the medial surface the cortex 
the cingulate and the lateral surface down the arcuate suleus (fig. 6b). 

The animal made rapid recovery from the and the same 
day showed very slight paresis the right upper limb with weakness 
the left side. This deficit the right side became less and less noticeable, 
until the monkey’s motor performance was practically normal two days after 
the operation. Ten days later there was sign deficit either side. 
During the entire post-operative period, forced grasping could elicited nor 
was there any spasticity. 

Second operation. motor February 15, 1934, using 
sodium amytal anesthesia, the left-sided bone-flap made the first operation 
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was re-elevated and the cortex explored with monopolar electrode. Brisk, 
sustained, isolated responses the face, arm and leg were obtainable 
stimulation appropriate regions the motor area, but motor responses 
could evoked stimulation the cortex anterior the incision made 
the first operation. block tissue, including the arm and leg areas and 
extending anteriorly the incision made January was extirpated one 
piece about mm. deep. 

Following this operation, the monkey sustained typical flaccid paresis 
the right upper and lower limbs which persisted until was sacrificed. 
the third day there was considerable recovery the use the right leg. 

February 18, 1934, the animal was anesthetized with ether 
and injected with 1,000 c.c. 0°9 per cent. saline. When clear fluid flowed 
from the opened inferior vena cava, 600 per cent. chloral hydrate 
were injected and the brain and cord were removed. Pieces the cord were 


stained and sectioned 


(Experiment 3).—Sections from the cervical and lumbar enlargements the cord 
macaque which superficial cortical incision between the motor and premotor areas 
was followed thirty-seven days later extirpation the left motor cortex. The solid 
circles and triangles represent cell bodies and dendrites upon which bouton degeneration 
occurred. (Drawn with the aid projector.) 


Histological results. (a) Extirpated block cortical 
sections the ablated motor area, stained Nissl technique, showed 
normal cortex with Betz cells normal appearance. The line the first 
incision lay chiefly slightly front the anterior limit these cells although 
had encroached upon the motor cortex about mm. the upper leg area. 

(b) Distribution degenerated boutons the cord.—The bouton degenera- 
tion this cord was considerably more circumscribed than the previous 
experiments. Abnormal terminals occurred chiefly the contralateral side 
cell bodies which form nucleus lying the mid-region the grey matter 
close the medial boundary the dorsal horn. Degenerated boutons were 
seen also cell and dendrites the ventral horn, but while majority 
all the boutons the cells the mid-region might degenerated, there 
were usually only one five such degenerated endings each the 
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ventral horn cells. This was especially true the large motor horn cells, 
which many sections showed degenerating boutons all. The number 
degenerated boutons the uncrossed side was about one-third that the 
contralateral side, and the terminals occurred cells corresponding those 
which degenerated boutons were found the crossed side. The distribution 
cells showing bouton degeneration this animal illustrated fig. which 
drawn from the third cervical segment and the fourth segment. 


Unilateral Extirpation Areas and 


Experiment 4.—Aged female baboon (Papio papio) weighing 7,850 grm. 
(Pyramidal bouton series, No. 3.) 

October 1932, this old baboon was slow its move- 
ments and definitely feeble its reactions. However, the cortex was sufficiently 
excitable permit definition the boundaries the motor area means 
monopolar faradization. After determination the limits left excitable area 
the motor and premotor areas were removed one block. (See fig. 9.) 


Fic. (Experiment 4).—Left cerebral hemisphere baboon, Papio papio. The motor 
and premotor areas, cross-hatched the drawing, were removed one operation. 


After this operation the animal exhibited profound motor deficiency the 
right side with indication return voluntary movements the time 
sacrifice. Forced grasping came gradually until the morning the 
third day was definitely present and strong support the animal’s 
weight. 

October 31, 1932, under ether anesthesia, 1,000 c.c. per 
cent. chloral hydrate solution were injected into the abdominal aorta, care 
having been taken exclude fluid from the kidneys, stomach, and intestines 
ligating all the arteries these viscera. The brain and cord were removed 
once and after further fixation pieces were stained usual. 

Histological results (Experiment Extirpated cortical 
ination silver preparations the cortical tissue removed operation revealed 
the motor area healthy, unshrunken neurones with centrally placed nuclei 
and well-stained intracellular nerofibrils. The extracellular fibrils formed 
dense, rich meshwork which the cell bodies lay. Boutons terminaux 
occurred the perikaryal surfaces the large pyramidal cells well 
cells other layers. Some the smaller cells did not show synapses the 
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terminal loop type. The premotor area presented essentially the same appear- 
ances: well-stained neurones lying thick meshwork fibrils some which 
terminated upon the cell bodies means boutons terminaux. 

the cord the extracellular neurofibrillar meshwork was very dense. 
all regions the grey matter the nerve cells themselves were unshrunken and 
the nuclei central position. The internal neurofibrillar structure most 
the cells was normal appearance, but nearly every one the large ventral 
horn cells the neurofibrils were destroyed circumscribed region, lying 
one side the nucleus, occupying much one-third the volume the 
cell body. 

(b) Distribution degenerated boutons the cord.—At all levels the 
cord there were fewer boutons termineaux than young adult monkeys. The 
normal terminals were simple loops with the smaller endings predominating. 
the preceding experiments, granular, degenerated terminals were found 
both sides the cord. the side opposite the lesion these degenerated 


°-THGE 


Fic. 4).—A section the level the 6th post-thoracic segment the 


cord baboon sacrificed days after extirpation the left motor and premotor areas. 


The circles, triangles and crosses have the same significance fig. with the 


aid projector.) 


boutons were distributed cells lying three groups: The first group 
included cell bodies and dendrites appearing sections triangular area 
just lateral and dorsal the dorsal commissure (fig. 10A). The base this 
triangle lay opposite the central canal and the apex extended into the 
dorsal horn close the medial border the grey matter the horn. The 
second group (fig. was located the base the dorsal horn lateral and 
dorsal the first group; seen the sections, roughly 


form. this group degenerated boutons were seen cell bodies well 
dendrites. The third group (fig. included cells and dendrites evenly 


scattered over the entire ventral horn. The number degenerated 
this group was less than either the other two. Some swollen, granu- 
lar endings were seen the large ventral motor neurones. 

Relatively little degeneration was found the sides, the ratio 
the total number degenerated boutons the crossed and uncrossed sides 
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being approximately Most the degenerated terminals the 
uncrossed side occurred mid-region although few were seen ventral 
horn cells well. 

Experiment 5.—Mature female chimpanzee; weight grm. (Pyramidal 
bouton series, No. 4.) 

This mature chimpanzee, about years old, had not previously been 
operated upon. used its upper extremities normally, but limped noticeably 
and showed obvious weakness the right leg and tendency times 
lift the right thigh with the right hand spare the leg from bearing 
weight. Examination showed that there was some atrophy all muscles 
the right leg, particularly the muscles the right hallux. The performance 
the left lower limb was essentially normal. 

Operation.—On March 11, 1933, the animal was anesthetized with ether 
and extensive left-sided bone-flap comprising nearly the whole calvarium 
was turned back and the left hemisphere exposed reflection the dura 
medially. Monopolar stimulation the motor cortex elicited charac- 


icm. 


(Experiment 5).— Left cerebral hemisphere mature chimpanzee. The cross- 
hatched area indicates the motor and premotor areas which were removed one operation. 


teristic sustained responses isolated groups muscles. From the leg area, 
extension and flexion the right digits and ankle were those 
movements, however, the hallux was not observed move any time. 
Flexion and extension the wrist and digits the contralateral upper 
extremity were elicited stimulation the arm area. These movements, 
like those the lower extremity, occurred with very little latency and consisted 
sustained responses small groups muscles, primarily the distal parts 
the limb. Stimulation the premotor cortex gave rise complex move- 
ments both arm and leg the opposite side. These responses, occurring 
after period latency long ten seconds, were slow movements 
abduction, flexion, extension and rotation several joints, particularly the 
shoulder and elbow, and the hip and knee. 

After responses had been obtained from the motor and premotor cortex, 
superficial incision was made between Areas and Following this incision, 
the motor cortex retained its previous excitability, but the sustained responses 
the premotor area were abolished. 
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12.45 p.m. the motor and premotor areas were lightly coagulated the 
margins with the cutting current the Davis-Bovie unit and the entire block 
tissue dissected out with spatula and removed one piece (see fig. 11). 
responses any sort could obtained subsequent stimulation the 
crater the lesion. The bone-flap was replaced and closure carried out. 
the end the operation Dial (Ciba) were given intraperitoneally this 
kept the animal relaxed and quiet until the next morning when two further 
doses each were given. 

March 13, 1933, p.m., anesthesia was deepened the 
intraperitoneal injection c.c. sodium amytal, and litres 0°9 per cent. 
saline forced into the abdominal aorta. When the fluid flowing from the 
opened inferior vena cava was quite clear, litres per cent. chloral hydrate 
were injected into the abdominal aorta and 500 into the right common 


(Experiment 5).—Section the cord chimpanzee the levels the 2nd 
cervical and 3rd sacral segments showing the distribution cell bodies and dendrites upon 
which bouton degeneration occurred after ablation the motor and premotor areas. (Drawn 
with the aid projector.) 


carotid the direction the brain. The brain and cord were removed and 
pieces the cord impregnated and sectioned the usual way. 

Histological results (Experiment 5). (a) Left motor and premotor 
Sample sections from the block tissue extirpated autopsy were prepared 
the Nissl technique. The Betz cells the arm and leg areas and the 
medial surface the hemispheres showed distinct anoxal chromatolysis. They 
were pale and somewhat swollen, the tigroid bodies were largely disintegrated 
and the nuclei eccentric, usually displaced the side the cell opposite the 
point exit the axone. This chromatolysis was most severe the lower 
leg and upper arm areas, although many normal Betz cells could seen 
well. the face area, there was only occasional degenerated Betz cell. 
The cells Area did not show the degenerative changes seen Area 
However, few cells, simple chromatolytic changes could distinguished. 


ae 


PLATE XV. 


(Experiment 1).—Several normal boutons terminaux the proximal end 
dendrite and the cell body neurone lying the mid-region the first cervical segment 
the cord. the right long fibril terminating degenerated bouton. Magnifica- 
tion: 1,600 diameters. 

(Experiment 1).—A cell the base the ventral horn the second cervical 
segment the cord. The microscope has been focused long, spatulate, degenerated 
bouton the left the figure. Magnification: 1,600 diameters. 

cell body lying the mid-region the grey matter the 6th post-thoracic 
segment the cord cat sacrificed three days after section the right 5th, 6th and 7th 
post-thoracic dorsal roots. The photograph shows several enlarged degenerated boutons, 
well number normal terminals. Magnification: 2,000 diameters. 
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(b) Distribution degenerated grey matter the cord was 
well impregnated. The cell bodies were shrunken somewhat and showed 
definitely fewer boutons than did cells the cords the young adult animals. 
general appearance and structure and concentration these 
sections show striking similarity corresponding preparations from the spinal 
cords aged human patients with severe motor deficits [16]. The normal 
boutons stained darkly and appeared firmly attached the cell bodies 
and dendrites. Thus, instances where the cells had shrunk away from the 
surrounding fibrils, the boutons were generally still adherent the cell. 

The distribution degenerated boutons illustrated fig. drawn from 
the second cervical segment and the third sacral segment. the cervical 
enlargement, degeneratior was found the contralateral side the mid- 
region and the ventral horn. There were degenerated boutons the 
ventral part the ventral horn, especially the laterally lying group cells 
the ventral-most region the horn. the ipsilateral side the cord the 
distribution degenerated boutons was very nearly the same the crossed 
side except that the degenerated boutons were fewer The degener- 
ated terminals were scarce the lumbar enlargement, but the sacral segments 
the degeneration again became more prominent. Cells and dendrites with 
degenerated terminals fell into three groups, lying (a) the mid-region; 
the lateral horn (c) the ventral horn. 


may seen from the foregoing experiments that restricted 
unilateral lesions Area are followed bouton degeneration, which 
the cord occurs for the most part the intermediate zone mid- 
region the grey matter the contralateral side. adult animals, 
there greater spread pyramidal boutons into the ventral horn than 
young and immature subjects, can seen comparing fig. 
with fig. should concluded the basis all the 
experiments that the pyramidal tracts end chiefly around internuncial 
cells. Experiment which the degeneration the cord most 
nearly represents the termination fibres originating Area only, 
pyramidal boutons are even more noticeably restricted 
groups cells the mid-region and the base the ventral horn. 

That the pyramidal fibres are thus associated with the more dorsal 
part the cord was suggested 1908 Ariéns Kappers who 
called attention the fact that collaterals from the afferent roots end 
the formatio reticularis and the grey matter medial it, and con- 
cluded that corticospinal fibres terminate mainly cells which are 
direct contact with afferent fibres. The present results confirm these 
conclusions, particularly since the distribution bouton degeneration 
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after dorsal root sections monkeys shows considerable overlap with 
the area occupied pyramidal boutons. 

These experiments suggest also that there direct connection 
between the motor cortex and cells the same side the spinal cord. 
not possible decide whether the degeneration the uncrossed 
side represents the termination fibres from the direct pyramidal tract 
alone, whether fibres from the crossed pyramidal tract may also 
recross the cord end finally the uncrossed side. Studies the 
separate distribution the endings the crossed and uncrossed pyramidal 
tracts are now progress. 

Experiments and has been possible trace the spinal 
distribution fibres from both the motor and premotor areas. the 
baboon, the monkeys, there predominant area degeneration 
the intermediate zone, but addition this the whole ventral horn 
also with degenerated boutons. This even more 
obviously the case the chimpanzee, where bouton degeneration was 
found cells the ventral horn, including motor neurones. 

has been mentioned that lesions Area also involve fibres 
Originating the premotor cortex which pass backwards and descend 
with fibres from the motor area. Thus, has been shown [18] that 
superficial slits between Areas and which involve damage 
Betz cells result degeneration which can traced into the cord. 
Extirpations Area alone also result degeneration fibres the 
white matter and their terminal boutons the cord. may 
concluded therefore that the premotor well the motor cortex 
contributes fibres the pyramidal tracts. 


(1) The method bouton degeneration has been applied the 
study the spinal terminations fibre-tracts originating the 
excitable cortex monkeys and one chimpanzee. 

(2) Following unilateral extirpation the motor cortex (Area 
Brodmann) alone, degenerated nerve endings were found the cervical 
and lumbar enlargements dendrites and cell bodies lying the 
intermediate zone the contralateral grey matter, and the ventral 
horn. Fewer degenerated boutons were similarly distributed the 
ipsilateral side. the thoracic segments degeneration boutons could 
demonstrated both sides the cord chiefly around cells lying 
ventral and lateral Clarke’s column. 
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(3) Removal the motor area after complete degeneration 
pyramidal fibres from the premotor area (Area Brodmann) resulted 
degeneration restricted mainly cells the mid-region the grey 


matter the contralateral side. Only few degenerated boutons 


were present the ventral horn the ipsilateral side. 

(4) When both motor and premotor areas were removed one 
operation, degeneration boutons occurred mainly around cells the 
mid-region and the base the dorsal and ventral horns the contra- 


lateral sides, but was also found cells evenly distributed throughout 


the entire ventral horn both sides. Some degenerated endings were 


found motor neurones. 
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ACOUSTIC VALUE THE SEVERAL COMPONENTS 
THE AUDITORY 
FRED METTLER, 


Animal Hearing Laboratory, University Illinois, and the Department Anatomy, 
University Georgia School Medicine, Augusta, Georgia, 
AND 


GLEN FINCH, EDWARD GIRDEN AND ELMER CULLER, 


Animal Hearing Laboratory, University Illinois, Urbana, 


INTRODUCTION. 


order determine the acoustic value the various components 
the auditory pathway and how much each part contributes actual 
hearing, the following procedure was adopted. 

The animal, dog, placed stock with the right forepaw resting 
metal grid which can charged with electricity. stimulus- 
tone (1,000 cycles) sounded for two seconds, directly followed with 
charge just strong enough effect hasty withdrawal the paw. 
The animal soon learns flex the foreleg soon the tone begins, 
thereby avoiding the imminent shock [2]. continues react, even 
though the tone made progressively weaker, until the threshold 
audibility reached. While the threshold being determined, 
particular care used keep the conditioned flexion intact, thereby 
assuring definite response the animal every time can hear the 
tone all. this method the auditory acuity dogs has repeatedly 
been measured this Laboratory with precision and consistency 
(standard error seldom exceeding one decibel) fully equal the 
performance human subjects. 

When the normal threshold has thus been determined over period 
several days, various portions the acoustic pathway are successively 
rendered non-functional surgical means and the residual acuity 
each case again measured. this way the loss which follows functional 
elimination particular component the auditory pathway well 
the degree hearing still mediated the remaining tracts, can 


accurately determined. 


No. from the Animal Hearing Laboratory established and maintained 
aid the Research Trustees, American Otological Society. Special aid from the 
Elizabeth Thompson Science Fund and from the American Academy Arts and Sciences 


gratefully acknowledged. 
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EXPERIMENTAL OBSERVATIONS. 


Acoustic value the the normal acuity several 
dogs was known, the cortex one hemisphere was each case removed. 
The loss acuity proved relatively slight, being from two five 
decibels. should particularly noted that the degree impair- 
ment was virtually identical for right and left hemispheres (Table and 
fig. 1). Removal the entire cortex, however, has far more substantial 
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Fic. 1.—At the left the range the (human) ear represented being bels 130 
decibels from the faintest audible sound the endurance.” The 
(adapted from Beatty interprets these intensity-levels terms familiar sounds. The 
rise from unity (10°), which just intense enough perceived 
average ear, the gigantic figure show graphically the facts Table 
for each dog separately. From these bars see clearly how smalla part the total hearing- 
range affected elimination one side the cortex one cochlea; and also how 
enormous the loss due ablation the entire cortex. Even the decorticate dog, however, 
has about decibels residual hearing. 


effects. Animal after complete cortical ablation performed four 
stages over period six months, was reconditioned and showed 
the initial tests consistent limen about decibels above its normal 
level. customary decorticate specimens, sensitivity increased 
until seemed fairly stable decibels above normal. 
The magnitude this impairment can best appreciated physical 
terms. The acoustic power which the dog was normally able hear 
had, after decortication, multiplied 10,000,000 times 
evoke response. this huge loss, the decorticate animal still 
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possessed about decibels residual hearing. This limited degree 
sensitivity quite enough enable get along fairly well 
world heavy artillery, motor trucks and elevated trains. 

value the lateral impulses pass 
from the cochlea the brain via the lateral lemnisci. Since each 
auditory nerve contributes both lateral lemnisci, these tracts contain 
crossed well uncrossed fibres (fig. animal from which 


cortex of left 
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2.—Diagram show the distribution the auditory pathways involved these 
experiments. The intramedullary decussations are disregarded for convenience. (a) Situa- 
tion the intact animal showing the crossed and uncrossed components the Jateral lemnisci. 
(6) Functional pathways involved animal from which one hemisphere only has been 
removed. (The subcortical geniculate end-station disregarded the right since the 
subcortical threshold higher than the values tested such Situation 
obtaining animal from which one cortex has been removed and the cochlea 
the same side has been rendered non-functional. (d) The situation occurring when the 
cortex one hemisphere has been ablated and the cochlea the opposite side has been 


disrupted. 


the cortex one hemisphere has been removed the only cortical 
terminations remaining belong the heterolateral lemniscus (fig. 
can thus measure the relative contribution crossed and uncrossed 
components destroying the appropriate cochlea such animal. 
the right cortex already ablated, destruction the right cochlea 
wili obviously create additional drop acuity, owing functional 
lapse the crossed (heterolateral) component the left lemniscus 
(fig. Destruction the left cochlea will, the contrary, 
attended functional deprivation the uncrossed (homolateral) com- 
ponent the left lemniscus (fig. From Table animal will 
seen that elimination the crossed component the remaining 
pathway animal from which the cortex one hemisphere has 
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been removed occasions hearing-loss about ten decibels. Elimina- 
tion the fibres (animal Table likewise brings drop 
about ten decibels. While loss this magnitude constitutes 
appreciable impairment acuity for everyday sounds, large amount 
useful hearing still remains (fig. columns and even though 
but single one the four main highways the upper brain centres 


still open. 
TABLE I.! 


Limen Standard 
in erro Number 
Second operation (left cochlea destroyed) 
Third operation (right cochlea destroyed) 
ANIMAL 
First operation (left hemi-decortication)— 
Second series 2°8 1°43 5 
Second operation (left cochlea destroyed) 10°6 
4. Third operation (re-entry on left cortex) 11°6 0°58 4 
Fourth operation (re-entry left ear) 12°6 0-00 
Fifth operation (right cochlea destroyed) 
First operation (right cochlea destroyed) 0°58 
ANIMAL 
Complete decortication (four entries: 7.10.1933 
11.11.1933 
21. 1.1934 
15, 4.1934) 


response pistol-shot within one foot head. 
response pistol-shot within one foot head, nor tone 115 decibels louder than 


limen. 
tests—animal succumbs operation. 


decibel one-tenth bel. The bel may defined thus: when the intensity one 
sound (in physical units sound-power -pressure) ten times that another, the two 
are said differ one bel; when the physical ratio 100: they differ 
and soon. will noted that the standard error most limens less than one decibel 
this indicates the precision our measures. meant the number inde- 
pendent determinations given threshold each one being based (or sometimes 20) 
separate records the protocol. Each record, doubtful cases, derived from two three 
actual responses the animal. This care arriving the individual records helps 
account for the low standard errors. 

The normal limen always set This does not mean that the four dogs start with 
identical acuity, but simply that all changes are measured from the subject’s normal per- 
formance. The residual hearing after given operation therefore directly shown its 
distance from the normal zero. animal see that the first operation caused loss 
which means that the stimulus-sound then had increased decibels over 
intensity before response was evoked. After the second operation, hearing had 
been impaired the stimulus then had raised 13°8 just perceptible the 
animal. These figures are reproduced graphically the bar-diagrams fig. 
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III. Acoustic value the animal otherwise intact, 
the temporal bulla one ear was entered ventral approach and the 
cochlea destroyed. loss three decibels followed (Table animal 
4). Data from two cats, under test another problem, may also 
cited here. Both were tested five frequencies (125, 500, 1,000, 
2,000, 5,000 cycles) before and after complete destruction the left 
cochlea. The mean loss acuity these five frequencies was 
and decibels. The cats being somewhat erratic their performance, 
these figures are not reliable those from the dogs herein cited 
but they confirm the relatively small loss from elimination single 
cochlea, order magnitude seen that these observations agree, 
might expected, with the hemi-decorticate findings. Each cochlea 
serves one crossed and one uncrossed set fibres; likewise the cortex 
each hemisphere receives one crossed and one uncrossed component. 
the case cortical ablation, however, the sub-cortical centres still 
retain their connection with the cochlea and some degree acoustic 
function, indicated above (Table animal 5). 

IV. Analysis the The tests hearing were conducted 
accord with well-established procedure, developed and standardized 
through period several years this laboratory, persons long 
experience handling animals. attention was given repeated 
reinforcement the conditioned response, proper spacing the 
tests, keeping the animal quiet and composed, and maintenance 
uniform stimulus conditions. 

(2) Only one test-frequency was used (1,000 cycles). This 
obvious limitation. conceivable that the relative distribution, 
the crossed and uncrossed lemnisci, the fibres which are involved 
the response different frequencies may vary. 

(3) Acoustic inequality the two ears must also considered. 
Inasmuch monaural tests were made, cannot state the exact 
relative sensitivity the two ears given animal; but certain 
inferences are possible. Let assume the left ear, given case, 
distinctly inferior the right ear. Destruction the left cochlea 
should then reduce hearing but little below the animal’s normal level. 
This conclude from the results animals and ablation 
one half the cortex, one crossed and one uncrossed pathway were both 
rendered almost wholly useless; and yet hearing was impaired only 
few decibels. From this seems reasonable infer that loss one 
poor ear could have but little effect. Destruction the right cochlea, 
the contrary, should induce large drop, since all hearing would then 
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mediated the poorer ear alone. all cases (except one 
examined directly) the loss was relatively small, hence are constrained 
infer that the destroyed ear could not have been appreciably superior 
the remaining ear; could only have been equal inferior the 
ear still use. should stated that case was any middle-ear 
infection gross abnormality noticed; the ears all appeared normal 
and free pathological signs when entered. This, course, gives 
direct evidence about conditions within the cochlea. 

(4) The subcortical centres (fig. 2a) acting alone (Table animal 
sound stimulation. Does this fact affect our conclusions any way 
animal (completely decorticate) the threshold these infra-cortical 
centres proved decibels above normal. other words, 
the animal was quite deaf ordinary sounds moderate intensity. 
seems clear then that these centres could uot responsible for the 
relatively acute sensitivity which persisted animals and after 
unilateral decortication. hard believe that centres, whose own 
limen decibels above normal, can any help appreciating 
sounds which are only decibels above normai. For this reason the 
sub-cortical centres are considered only the wholly decorticate 


specimen. 
TABLE II, 
Limen Standard 
in error Number 

ANIMAL decibels limen 
Normal, second series 2.0 0°58 
Second operation (right middle-ear waxed) 0°50 
1. Third operation (left middle-ear waxed) ne 58°5 1 
Fourth operation (left cochlea destroyed) 


(5) One set observations (Table II), not Table 
fig. needs special interpretation. These figures, being obtained from 
preliminary animal, reflect the absence certain precautions used 
with the later dogs. this case find that removal the cortex 
one hemisphere reduces acuity not all, even seems raise 
slightly. This cannot accepted correct. Being pressed for time, 
tested this animal, particularly the second series, often 
three periods daily; this may have fatigued him and reduced his normal 
score below its true value. also note that elimination the right 
middle ear was followed astonishing drop, 37°5 decibels; the 
corresponding figure from animal (complete destruction cochlea) 
decibels. These two figures, which should almost equal, are quite 
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incomparable. The figures for animal being derived from long and 
careful tests, are particularly dependable; they prove that dog with 
but single pathway (uncrossed) able hear within decibels 
its normal level. This being true, can see explanation for the 
huge loss animal save that the one remaining ear was defective. 
This the only hypothesis which serves clear the anomaly. The 
one inferior ear would have effect upon the limens rows and 
(Table because the superior ear was still contributing but when 
the good ear was waxed (row Table II) hearing was mediated the 
defective ear and then fell proportionably. Thirdly, note some 
residual hearing after both ears had been entered and waxed. this 
first animal feared that breaking the might induce vestibular 
symptoms such magnitude make our tests unreliable, and 
therefore confined ourselves opening the bulla, disarticulating the 
ossicles, and filling the tympanic cavity with heavy wax. This proved 
ineffective for complete abolition hearing that, later animals, 
resorted actual fracture the 

every case vestibular disturbances were thereby produced; but the 
major symptoms passed day two, that our tests were not 
appreciably hampered. This well exemplified dog which, after 
losing one cochlea and displaying noticeable disturbances vestibular 
function, tested perfectly and gave threshold within three decibels 
normal. 

(6) each case the operative intervention was carefully checked and 
the cortical removals verified. animal for example, the left hemis- 
phere was removed. Upon autopsy was found that this animal all 
the cortex the left hemisphere had been ablated. The site the 
original tissue was occupied thick pad fibrous tissue. The 
olfactory bulb and tract the left side were intact. The left lateral 
geniculate had been somewhat invaded fibrous connective tissue, and 
the right few sclerotic had invaded the medial side the 
right hemisphere the position the sigmoid Removal 
these trabecule disclosed the fact that they occluded sinus com- 
municating with the third ventricle. 

order verify complete destruction one cochlea, the opposite 
cochlea was fractured the same way and hearing again tested. 
Inasmuch the animals then proved totally deaf air-borne 
sounds (no response pistol-shot within one foot ears, nor 
1,000-cycle tone whose power was 115 decibels above the normal 
limen), clear that the first cochlea had been adequately destroyed. 
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DISCUSSION. 


addition the specific findings above mentioned, two more 
general conclusions emerge from this material. They are (1) the 
“factor which exists the auditory system; and (2) the 
surprisingly significant role which the uncrossed fibres the lateral 
are capable assuming audition. The first these 
evidenced the small hearing-loss which follows either removal the 
cortex one hemisphere unilateral cochlear destruction 
decibels). These two procedures deprive the organism approximately 
one-half its normal acoustic equipment, one abolishing the peripheral 
receptors, the other removing the central termini; but this loss 
per cent. neural mechanisms reduces the normal intensity-range 
130 decibels only per cent. This itself tells nothing, 
however, about the which obviously depends what 
vital importance that the animal notice extremely faint sounds, that 
even loss three decibels might impair its chances for survival, then 
the safety-factor becomes virtually negligible; whereas the animal 
lives environment protected that can survive equally well 
reacting only the grosser sounds, then the safety factor may become 
quite large. loss decibels, when only one the four major 
components the auditory system continues operative, has 
appreciable effect upon the animal’s well-being, may properly speak 
safety factor (more than Meltzer [5] had hoped for nervous 
tissue). 

wish stress the importance recognizing that the uncrossed 
fibres the lateral lemniscus have acoustic value closely comparable 
that the crossed component. The significance this fact 
apparent when one recalls how often the acoustic stated be, chiefly 
not entirely, crossed pathway. Kreidl [4] clearly showed long ago 
that the uncrossed tracts audition are significant for hearing. 
cannot assert that precisely the same relations hold the human 
the dog; but there again found the situation for the primate 
very similar that for the dog. this connection, furthermore, 


The term factor may defined follows: Let pounds the breaking- 
stress steel cable whose cross-section the normal working-load which the cable 
must support pounds, the factor safety clearly 10. But assume that the cable 
composed ten equal strands, any one which alone can carry the normal load. The 
factor safety again 10. The second definition applies better our acoustic situation 
than does the first, 
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should noted that Dandy [3] reports obvious impairment 
hearing consequent upon removal the right hemisphere man. 
From this inferred that the right hemisphere plays significant 
role audition. Although his evidence somewhat invalidated the 
chronic pathological nature the cases prior surgical intervention, 
would appear that his results might expected, not for the reason that 
the right hemisphere plays part hearing, but rather because the 
physiological safety-factor and because the important contribution 


the uncrossed fibres. 
SUMMARY. 


(1) Removal the cortex single hemisphere followed 
drop auditory acuity (at 1,000 cycles) decibels, compara- 
tively small loss. 

(2) dog, least, there appreciable difference between the 
right and left hemispheres this regard. 

(3) Removal the entire cortex, however, produces enormous 
reduction, from decibels below normal levels. 

(4) animals with the cortex one hemisphere removed, the 
crossed fibres the opposite lateral lemniscus rendered non-functional, 
additional drop acuity about decibels observed. 

(5) animals with the cortex one hemisphere removed, the 
uncrossed fibres the opposite lateral lemniscus rendered non- 
functional, there likewise additional loss acuity about 
decibels. 

(6) follows that the uncrossed fibres the auditory system are 
approximately equal acoustic value the crossed components. 

(7) Destruction one cochlea otherwise intact animal 
followed loss about decibels. Destruction both 
produces total deafness air-borne sounds. 

(8) The physiological the auditory system thus 
seems compare favourably with that observed other organs the 
body. 
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SOME OBSERVATIONS THE CEREBRAL VEINS. 


Department Anatomy, St. Hospital Medical School, London. 


THE details the anatomy the smaller veins the body have, 
for the most part, but little interest. This due the extreme 
frequency variations from the normal arrangement—indeed some 
regions difficult describe any particular arrangement being 
the normal one. the current descriptions the superficial veins 
the cerebrum found that while some points, such the relation- 
ship the vessels the sulciand gyri the cortex, are not mentioned, 
other details are always referred to. always emphasized that the 
posterior members the superior cortical series cerebral veins pour 
their blood into the superior sagittal sinus direction contrary 
that the blood flow the sinus. Ina similar way, mention the 
superior and inferior anastomotic veins, connecting 
middle cerebral vein with the superior sagittal and transverse sinuses 
respectively, made most anatomical descriptions the vessels. 
These statements point the fact that the cortical veins have more 
definite and constant arrangement than have most other veins 
similar size. The following investigation was undertaken 
endeavour explain the course taken the superior cortical veins 
the cerebrum, and determine the existence—or non-existence—of 
constant relationship between the cortical veins and the sulci and gyri 
the cerebral cortex. the course the work some points emerged 
relating the anastomotic veins and the lacune laterales, and these 


will also considered. 


MATERIAL AND METHODS. 


The cortical veins the cerebrum were examined five 
whose ages ranged from six months term. dissecting these 
specimens, the entire intracranial venous system was injected the 
following way: both internal jugular veins were exposed and divided 
the lower part the neck; was removed from the vessels 
irrigation with saline, and one vessel being clamped, solution indian 
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ink per cent. gelatin was injected until pressure was reached 
which distended the intracranial veins without producing rupture 
any one them. Following removal the skull, the dura was incised 
and the cerebrum injected multiple points with per cent. formalin 
solution. The specimen was kept immersed this solution for least 
week before dissection was commenced—a precaution necessary 
because the extreme difficulty hardening the brain. 

The vessels were next examined ten adult dissecting-room sub- 
jects. these the calvarium was removed with minimum injury 
the underlying dura mater. This was now incised each side 
the middle line such way leave median antero-posterior 
strip the membrane in. wide which contained between its two 
layers the superior sagittal sinus and the laterales, and had 
attached its inferior surface the falx cerebri. The remaining por- 
tions the dura mater were removed, thus exposing the supero-lateral 
surface each hemisphere with its covering arachnoid and pia mater. 
these specimens was found that most cases only the larger 
terminal portions the superior cortical veins could dissected with 
certainty, the smaller commencements the vessels being collapsed 
and thin-walled and usually indistinguishable from the overlying lepto- 
meninges. thought that this difficulty examining the whole the 
cortical veins dissecting-room specimens may account for the present, 
and believed erroneous, description the origin the superior 
cortical veins. was found that many cases the whole extent 
the cortical veins the adult could observed fresh post-mortem 
brains which these vessels are distended with blood. 

The angles made the terminal portions the superior cortical 
veins with the superior sagittal sinus were measured carefully 
possible the nearest this connection should noted that 
each vein formed with the sinus two angles, one anterior the vein 
and one posterior it. The posterior angle was the one measured 
each case. should further pointed out that while the measure- 
ments are accurate for the anterior veins which form large angles with 
the sinus, they are much less accurate for the obliquely running 
posterior veins which form relatively small angles with the sinus. 
For reasons which will clear later, such inaccuracies not affect the 
conclusions drawn from the direction these vessels. 

The superior sagittal sinuses the foetal specimens were dissected. 
Transverse sections these were examined with dissecting binoculars. 
The superior sagittal sinus and its lacune were dissected the adult 
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specimens. further series specimens was obtained from the post- 
mortem room. Following removal the calvarium, the falx cerebri 
and adjacent dura mater were excised. were passed into the 
cut ends the larger superior cortical veins and the specimen pinned 
out board and dissected from its dorsal surface. The resulting 
specimens are illustrated drawings, figs. and 


I.—THE CEREBRAL VEINS THE 


(a) General arrangement.—A general description the cerebral 
veins seen the will first given. will included 
remarks the origin, termination and number the superior cerebral 
veins. relationship the vessels the cortex and their direction 
will then considered greater detail. 


Fic. 1.—Drawing specimen, showing cortical veins aged months, 
following injection these vessels with coloured gelatin solution. The radiation veins 
from the region the insula well shown. The majority the veins pass the superior 
sagittal sinus, but two course postero-inferiorly the transverse sinus. 


number large veins radiate from the stem the lateral fissure, 
which region they unite form single trunk which drains either 
into the cavernous sinus the sphenoparietal sinus its medial end. 
these tributaries the superficial middle cerebral vein, some (1-2) 
pass anteriorly the direction the frontal pole; others (5-6) pass 
superiorly, with varying degrees obliquity, supero-medial margin 
the hemisphere while the remainder (1-2) pass postero-inferiorly 
the temporo-occipital region. the larger veins radiating from the 
stem the lateral fissure (those enumerated) the majority, not all, 
terminate passing from the surface the cerebrum into one the 
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large venous sinuses—either superior sagittal transverse. These facts 
are illustrated the drawings three the dissections—figs. and 
One these (fig. from foetus aged between and months; one 
(fig. from foetus months; the other being from 
term. 

Turning now more detailed examination the superior cortical 
veins: regards their origin the larger veins the group are all 
continuous with the tributaries the superficial middle cerebral vein, 
can seen the drawings. There are, however, also smaller 
vessels belonging the superior series, and the details connection 
with these could only made out with the aid dissecting binoculars. 
They are found commence capillary zone about midway between 
the supero-medial margin the hemisphere and the lateral fissure. 
important note that small tributaries the superficial middle 


2.—Drawing specimen, showing cortical veins aged approximately 
months. The radiation the veins from the stem the lateral fissure the superior 
sagittal sinus again clearly shown. Two veins (one incomplete) can seen passing from 
the region the insula the transverse sinus. 


cerebral vein also commence this capillary zone and then pass 
inferiorly join one the larger vessels. 

the vessels are traced superiorly they increase size and all 
terminate entering the superior sagittal sinus. The larger vessels 
show slight dilatations before piercing the wall the superior sagittal 
sinus. There being lacune laterales connection with this sinus 
the the question the relationship vein lacuna does 


not arise. 
There considerable variation the number superior 
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veins present, not only different specimens, but opposite sides 
the same specimen. This shown Table 


Specimen Lett hemisphere Right hemisphere 
veins terminating superior veins terminating superior 
sagittal sinus sagittal sinus 

2 14 ” 8 ” 


” ” ” 


The size the vessels was found inversely proportional 
their numbers. both the adult and eight veins were the 
commonest number present each side, and also the average number 


Fic. 3.—Drawing specimen, showing cortical veins fcetus term large 
infant). The radiation vessels from the stem the lateral fissure seen—the majority 
passing the superior sagittal sinus, but two the transverse sinus. This specimen also 
shows that regards their direction, the superior cortical veins are two portions: (1) That 
radiating from the lateral fissure and (2) the terminal portion which changes its direction 
enters the sinus. Vein from medial surface hemisphere passing anteriorly unite 
with immediately before terminates sinus. 


for the series foetal and adult specimens examined. interest 
note that wherever more than this number veins was present 
there was grouping the vessels that many three opened into 
the sagittal sinus closely adjacent points. 

(b) The direction the superior cortical the point 
view their direction the superior cortical veins the cerebrum must 


= 


SOME OBSERVATIONS THE CEREBRAL VEINS 489 


considered two parts. The inferior portions these vessels, 
whether continuous not with the tributaries the superficial middle 
cerebral vein, radiate from the stem the lateral fissure, like the spokes 
wheel, which has this point for its hub. The second terminal 
portions the veins change their course and pass from the supero- 
medial margin the hemisphere into the superior sagittal sinus. These 
two portions the veins are particularly well seen fig. 

With regard the direction these terminal portions the veins 
they enter the superior sagittal sinus right angles with very slight 
posterior inclination. the case the remaining veins, they are 
found turn anteriorly and enter the sinus obliquely, the obliquity 
being best marked the case the most posterior veins. These points 
are illustrated Table II. posterior the two angles made 
the veins with the sinus recorded, and the order which the 
angles are set down from left right corresponds that the veins 
the cortex from frontal occipital pole. 
THE PosTERIOR ANGLES MADE SUPERIOR CORTICAL VEINS WITH 

THE SUPERIOR SAGITTAL SINUS THEIR INTO IT. THE SEQUENCE 

OF THE ANGLES FROM LEFT TO RIGHT CORRESPONDS TO THE ORDER OF THE VEINS 


WHICH DIRECTED ANTERIORLY AND THEREFORE OPEN POSTERIORLY. 


Angle between terminal point vein and superior 
Specimen Side hemisphere sagittal sinus 

1 Left 90° ; 90°; 120°; ; s 40 46 


Very small vessel. 


(c) The relationship the veins the gyri and sulci the 
cerebrum.—A constant relationship between the cortical veins and the 
more important sulci and fissures might have some surgical significance 
facilitating the localization these sulci. Such relationship, its 
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absence, not described the current anatomical works. Sargent, 
his description these vessels, mentioned four main trunks, frontal, 
precentral, postcentral and occipital. pointed out that these 
not constantly lie the fissures. From observation the cortical 
veins the injected foetus and fresh post-mortem brains adults, 
which the cortical veins are often rendered very obvious contained 
blood, considered that while the smaller veins are variable 
position and numbers, the larger vessels have constant relationship 
the cortex certain important regions. 

Firstly, the relationship between the larger superior cerebral veins 
(those terminating separate openings the sagittal sinus) and the 
lobes the cerebrum will considered. the specimens examined 
was found that between three and six the vessels had their origin 
the cortex the frontal lobe. The majority these were small, but 
one two were usually larger than the others. more large 
veins passed from the surface the parietal lobe the sinus. the 
majority cases vein was found passing from the occipital cortex 
the sinus, although vessel the surface the hemisphere this 
region was always found passing forward open into large vein, 
constantly present the lateral parieto-occipital fissure. 

The relationship between the vessels and the more important sulci 
and fissures will now considered. the youngest the specimens 
examined (six seven months, approx.), the opercula the insula are 
incompletely developed and the central sulcus shows itself widely 
open depression. None the other sulci fissures present this 
stage. The tributaries the superficial middle cerebral vein can 
seen, has already been described, radiating the superior sagittal 
sinus and the transverse sinus regular sequence. They have, 
course, relationship the fissures which are yet undeveloped. 
all the other specimens the sulci and well formed. Dissection 
these brains revealed one the larger branches the superficial 
middle cerebral vein lying each the three sulci which separate the 
opercula the insula. This what would expected view the 
fact that the sulci and vessels both radiate from common point—the 
stem the lateral fissure. 

The majority those veins more closely adjacent the sagittal 
sinus (i.e. the superior cortical veins) are related sulci which 
correspond with them direction, The vessels the posterior portion 
the frontal lobe and the anterior portion the parietal lobe are, 
however, related three such depressions—the precentral, central and 
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postcentral sulci. found that each these sulci contains one 
the main superior cortical veins one their tributaries. must 
noted that only the inferior portions the vessels which are 
found these sulci. has been stated above that the terminal portion 
each vessel has quite different direction enters the sinus. 
has been already mentioned, the cortical veins are variable their 
size, and the three vessels now under consideration are exception. 
The central vein was, the series examined, usually large and always 
single vessel. The vein the precentral sulcus, two cases, had 
separate opening into the superior sagittal sinus; but the remainder 
cases turned posteriorly enter the central vein. There were 
usually two vessels the postcentral sulcus: one its inferior portion 
which terminated the central vein, and another above which either 
terminated similar manner more posteriorly placed vessel. 
one case large single postcentral vein was one the tributaries 
the superior sagittal sinus. respect this relationship veins 
sulci, should finally pointed out that all cases large member 
the series was found leaving the surface the hemisphere the 
region the lateral parieto-occipital fissure route for the superior 
sagittal sinus. 

For mechanical reasons would expected that when sulcus and 
adjacent vein coursed the same direction, the vein would lie 
the rather than the summit gyrus. Such relationship 
would have the advantage facilitating the circulation relieving the 
vein from the pressure overlying parts. 

Lastly, should noted that each the larger the cortical 
veins, passes from the lateral surface the cerebrum, receives 
large tributary from the medial surface the hemisphere. The largest 
these medial tributaries passed superiorly the medial parieto- 
occipital fissure join the vessel found the lateral portion the 
fissure (which has already been mentioned). 


CEREBRAL VEINS THE ADULT. 

far their number and relationship the cortex are con- 
cerned, the vessels the adult correspond well with those the 
The differences between the veins the two sets specimens will now 
considered. 

(a) Mode origin.—The vessels are usually described com- 
mencing capillary zone midway between the lateral fissure and the 
supero-medial border the hemisphere. has been noted the 


1 
] 
] 5 
| bile 


492 ORIGINAL ARTICLES AND CLINICAL CASES 


description these vessels the foetus that their inferior extremities 
all the large veins are continuous with tributaries the superficial 
middle cerebral vein. 

considered that the adult the majority the vessels have 
similar origin. Firstly, would seem unlikely that any great change 
the origin these vessels would occur after birth. must 
admitted that with the growth the hemisphere, the venous channel 
might become attenuated, and only its larger superior and inferior 
portions remain obvious. the same way, the growth the gyri 
might obscure portions the vessels which sometimes lie, for part 
their course, hidden the sulci. Secondly, from observation fresh 
post-mortem brains, considered that the majority the larger 


Fic. 4.—Diagram show platform extending between the walls the superior sagittal 
sinus and subdividing its lumen into dorsal and ventral parts. Several arachnoid granula- 
tions project into the ventral subdivision. 


tributaries the superficial middle cerebral vein become continuous 
with the superior cortical veins. believed that the description 
one anastomotic vein inaccurate, and that the majority the large 
superior tributaries the superficial middle cerebral vein reach the 
superior sagittal sinus above. was noted, however, that the con- 
tinuity the more anterior tributaries the superficial middle cerebral 
vein (i.e. those the frontal cortex) with the anterior members the 
superior cortical series lost the adult. some cases one more 
the more posterior vessels showed similar loss continuity. 
considered that this due the further development the cerebrum, 
especially the region the frontal lobe. 

(b) Mode termination.—As the foetus, the superior cortical 
veins all the adult specimens terminated the superior sagittal sinus. 
The main facts the anatomy this sinus are well known, but the 
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course the dissections certain features which are ignored the usual 
descriptions were noted and will now considered. 

The chords Willis—strands endothelium passing between the 
obliquely disposed lateral walls the sinus—are well known. They 
are seen particularly its larger posterior portion. Sargent refers 
the folds endothelium seen relation the orifices the 
superior cerebral veins the wall the sinus. These have valve-like 
appearance, but can have such function that they offer obstacle 
the injection the cortical veins from the sinus. several the 


ANGLES MADE THE SUPERIOR CORTICAL VEINS WITH 
THE SUPERIOR SINUS ADULT SPECIMENS. THE SEQUENCE THE ANGLES 
FROM RIGHT CORRESPONDS THAT THE VEINS FROM FRONTAL 


Angle between terminal portion of vein and superior 


Specimen Side hemisphere sagittal sinus 
Left 90°; 90°; 65°; 55°; 25°; 20°; 


*In Specimen there was considerable shrinkage the frontal lobes. 


dissections was found that instead these localized folds and bands, 
considerable platform existed within the sinus subdividing its lumen 
into dorsal and ventral portions (fig. were found either the 
anterior posterior portions the sinus—sometimes both—and the 
largest them measured cm. antero-posteriorly. Two points 
interest were noted connection with these folds. Firstly, that while 
the whole few arachnoid granulations project into the sinus, they 
appeared present greater numbers beneath the platforms than 
elsewhere. Secondly, when the orifices the superior cortical vein are 
related one these platforms the vein always terminates beneath 
the fold the inferior subdivision the sinus. 

Lastly, has been pointed out Gros Clark, was found that 
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every case the veins open into the superior sagittal sinus itself and 
never into its lacune laterales. 

Direction.—The main points connection with the direction 
the vessels are seen Table will seen that the angles 
are considered five specimens only. This due the fact that 
number the specimens examined, the small veins the frontal 
region had been torn out their point entry into the sinus, and 
measurement could made. other cases, shrinkage the 
brain within the skull had altered the course the terminal portions 
the vessels under consideration that measurement was considered 


valueless. 


Fic. 5.—Diagram falx cerebri adult. This shows the manner which 
superior cortical vein having reached the lateral wall the superior sagittal sinus becomes 
adherent and courses anteriorly and slightly inferiorly along it. Point which vein 
becomes adherent sinus. Point which vein, having undergone terminal dilatation, 


opens into sinus. 


When this table compared with the corresponding one obtained 
from specimens, the following points are the 
anterior veins the adult are most cases found pass posteriorly 
into the sinus—in which respect they differ from the corresponding 
vessels the which enter the sinus right angles its long 
first sight growth would not appear affect the direction 
the more posterior veins. Careful examination reveals, however, that 
the obliquity these posterior vessels greater than the angles would 
suggest. the great majority cases the vein adherent the 
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outer aspect the sinus, coursing forward upon for variable 
distance before actually terminating it. This shown the diagram 
(fig. This terminal portion the vessel thin-walled and often 
considerably dilated. courses not only anteriorly but also slightly 
inferiorly. The actual length vein adherent the sinus wall varies, 
but may much cm., and would appear greater the 
most posterior veins. Such adherence vein sinus seen the 
foetus affects the most posterior veins only, and very slight extent. 

Before discussing these points further might well draw 
attention irregularities connection with the course the terminal 
portions the superior cortical veins and endeavour explain 
them. Sometimes, will seen from the tables, posteriorly situ- 
ated vein will enter the sinus less obliquely than the vein immediately 
anterior it—a reversal the usual arrangement. only 
expected that such irregularities would arise, and they may explained 
the assumption that there has been displacement the venous 
trunk across the cortex—a displacement which normally does not occur. 
favour this the fact that such irregular veins are usually small, 
and not anchored the cortex tributary from the medial surface 
the hemisphere. should also pointed out again that the 
apparent obliquity the posterior veins less than that actually 
present since the angle made vein with the sinus will depend 
upon the degree adherence between the two structures. 


DISCUSSION. 


the discussion which follows endeavour will made corre- 
late the above findings with the stages the development the 
cerebral hemispheres. 

this work attempt has been made follow the early stages 
the development the veins the cranial cavity. For the appear- 
ances these stages reference has been made Streeter’s well-known 
work. may useful summarize briefly the chief points this 
connection. 

The primary head vein with its three—anterior, middle 
terior—plexuses well known, the anterior and middle plexuses later 
fusing form single anterior plexus. The vessels this anterior 
plexus become separated into three layers: superficial, which forms 
the superficial vessels the head; intermediate, which forms the 
dural and deep portion which intimately covers the nervous 
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tissue and later forms the cerebral veins. Continuity between the 
superficial and middle venous strata persists only the emissary veins. 
The cerebral veins have, however, important connections with the dural 
system, firstly the region where both sets vessels drain into the 
primary head vein, and secondly, the dorsal aspect the cerebram 
close the mid-line. this latter region there anastomosis 
between the vessels opposite sides which called the sagittal plexus, 
and from this the superior and inferior sagittal sinuses and the straight 
sinus are developed. 

These points will now considered relation the specimens 
examined for this paper. ‘The insula may regarded the nodal 
point from which the axes growth the cerebral hemisphere pro- 
various directions. would expected that the deepest 
stratum the anterior plexus would send some its anterior branches 
radiating from this point the margin the hemisphere. This 
arrangement persists late foetal and adult life, the superficial middle 
cerebral vein sending its tributaries radiating across the surface the 
hemisphere towards its margin. now the superior cortical 
veins, can seen the drawings (figs. and and would 
expected general principles, the inferior portions these vessels 
radiate towards the supero-medial margin the hemisphere such 
direction that prolonged they would enter the superior sagittal sinus 
approximately right angles its long axis. But the direction the 
terminal (superior) portions the vessels changes, that the adult 
they are directed slightly posteriorly the case the one two 
anterior veins, and anteriorly the case the other veins. This 
anterior inclination best marked the case the most posterior 
veins. The obliquity the terminal portions the superior cortical 
veins the late stages less well marked than the adult, and 
the difference can well the growth the cerebrum 
will now seen. 

From the observations which have been made above considered 
that the early foetal stages the superior branches the superficial 
middle cerebral vein radiate from the region the insula and enter the 
sagittal plexus right angles its long axis, there being this stage 
change the direction the terminal portions the vessels. 

The region entry the vein into the plexus (or sinus) may now 
the cerebrum certain changes are brought about. Firstly, the radiating 
tributaries the primary head vein the region the insula would 
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elongated and their central portions attenuated. the case some 
the vessels, complete separation the original channel into dorsal 
(superior cortical vein) and ventral (superficial middle cerebral vein) 
parts, occurs. Secondly, the growth anteriorly the frontal pole would 
lead change the direction the terminal portions the superior 
cerebral veins; while the growth posteriorly the main mass the 
hemisphere would produce more marked change the direction 
the posterior members this series veins. Such change direction 
has been seen the specimens examined. that the foetus 
the anterior members the superior cortical group veins enter the 
superior sagittal sinus approximately right angles its long axis, 
while the adult these vessels course backwards their termination. 
Similarly, the obliquity the posterior veins the superior cortical 
group has increased adult life—as shown the adherence the 
terminal portions these veins the sinus wall—a condition which, 
found all the foetus, very poorly marked. Only the later stages 
this change direction with growth could made out the 
specimens examined this instance, but seems highly probable 
that the earlier changes are brought about similar manner. The 
examination the inferior cerebral veins passing from the inferior 
surface hemisphere lateral sinus support this view the cause 
the direction the superior cortical veins. These course, for the 
most part, very obliquely, posteriorly from the cerebrum the sinus; 
course which would brought about forward growth the 
temporal lobe—the attachment vein sinus being fixed point. 
might also pointed this stage that the inferior anastomotic 
vein veins come into existence the same way the superior— 
representing the anastomosis which existed between the most anterior 
part the anterior plexus and that portion immediately posterior, 
which later develops into the transverse sinus. 

may therefore stated that the direction any one the 
cortical veins depends upon the direction the growth the particular 
part the cerebrum which related. study these vessels 
will therefore provide indication the axes growth the 
various portions the hemisphere, and possible that examina- 
tion the vessels lower types might provide information this 


direction. 


platforms which are found the superior sagittal sinus persist 
evidence its original plexiform character. 
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The laterales have long been described lateral projections 
the lumen the superior sagittal sinus between the two layers 
the cranial dura mater, and receiving some the superior cortical 
veins the cerebrum. 

Sargent described them some detail, stating that there are three 
each side—frontal, parietal and occipital. also noted that 
with advancing years they increase size. common with most 
writers the subject stated that the lacune receive many the 


superior cortical veins. 


\ 


Fic. 6.—Drawing dissection superior sagittal sinus and 
subject aged granulations yet not numerous and lacun small but 
none the forming continuous cavity each side the sinus. Note extension laterally 
granulations into the upper extremity one the larger tributaries the middle 
meningeal vein the left side. Bristles have been inserted into the larger superior cortical 
veins, and the absence granulations from those portions the floor the lacune beneath 
which the veins pass will noted. 


Gros Clark pointed out certain important features connection 
with these which had previously been overlooked. noted 
their absence the foetus, where, occupying the position which the 
lacune are found later life, there plexus formed the union 
the and diploic veins. has produced evidence that the 
develop from this plexus. noted that develop pari 
passu with the arachnoid granulations, and jhe especially stressed the 
fact that the superior cortical veins never end the laterales, 
but always the superior sagittal sinus itself. 
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Fic. 7.—Drawing dissection superior sagittal sinus and laterales 
subject, aged 50. single lacuna each side carpeted with arachnoid granulations shown. 
This carpet absent only those regions beneath which cortical vein passes its way 
the sinus. spite careful removal the specimen the granulations tore away from the 
posterior the left lacuna (remaining attached the supero-medial margin the 
hemisphere—a condition affairs which commonly seen). 


8.—Drawing dissection the superior sagittal sinus and lacune laterales 
subject aged 55. The confluent lacune are again seen and are everywhere carpeted with 
arachnoid granulations except over the cortical veins they pass medially beneath the floor. 
Bristles have again been passed through the larger veins into the sinus demonstrate this 
point. 
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view the accepted fact that the lacune laterales develop pari 
passu with the arachnoid granulations seemed possible that they 
developed result the growth the granulations (i.e. increase 
the venous endothelial surface demand for such increase arose). 
obvious objection such hypothesis was the fact that the are 
described localized outgrowths the sinus, while the arachnoid 
granulations have such localized distribution but form chain 
along the supero-medial margin the hemisphere its middle portion. 
Though varying width different regions, this chain continuous 
all older brains. 

the foetal specimens, which the sinus had been distended with 
coloured gelatin, the absence laterales and the presence 
venous plexus the region the lateral angle the sinus were 
confirmed. 

Dissection the adult specimens revealed that while younger 
subjects the laterales may form several separate cavities, 
subjects past middle life there one continuous lacuna each side 
the superior sagittal sinus. extends from over the posterior 
portion the frontal lobe, backwards over the parietal lobe, and some- 
times reaches far the anterior part the occipital lobe. 
communicates with the sinus numerous small openings situated 
the region its lateral angle. Its lumen crossed numerous fine 
strands which Gros Clark regards the thinned-out meshes the 


plexus found this region the foetus. length the lacune this 


series measure average cm. The width variable and greatest 


where large meningeal veins run into them. their widest portion 
they measure about cm. The drawings dissections (figs. 
and illustrate several these points. 

has been mentioned that relatively few granulations were found 
projecting into the lumen the superior sagittal sinus. noticeable, 
however, that the floor the almost entirely carpeted 
these structures. The only regions the floor the not 
covered are those beneath which the cortical veins travel their way 
the sinus. This can clearly seen and these 
regions there often some adherence the roof the floor the 
lacune, but these are always very easily separated, much more easily 
than the two layers dura mater elsewhere. 

One other point was noticed: that while the superior sagittal sinus 
itself often full blood clot, trace this ever found the 
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DISCUSSION. 


well known that the arachnoid granulations are absent birth. 
Gros Clark states that they are first seen the age 
months, and after this the granulations become more numerous and 
increase size throughout life. large proportion—indeed the 
majority—of these granulations are found related the superior 
sagittal sinus, and later life continuous chain granulations can 
seen along the intermediate part the supero-medial margin the 
hemisphere. 

The laterales are also absent birth. difficult 
state when these first appear, and reference the point could 
found the literature. However, having once appeared, the 
increase size throughout until, has been seen, the original 
series cavities has been replaced single lacuna each side the 
superior sagittal sinus. 

Finally, should again emphasized that while few arachnoid 
granulations are found projecting into the venous sinuses them- 
selves, the vast majority lie the floor the laterales for 
which they form thick carpet. 

consideration these facts believed that the 
laterales not only develop pari passu with the arachnoid granulations, 
but also that their development due the enlargement the granu- 
lations, which necessitates increase the venous endothelial 
surface. suggested that early life the microscopical arachnoid 
villi project into the venous plexus the lateral angle the superior 
sagittal sinus. With the increase size these villi form the 
granulations the venous plexus also enlarges. The separation between 
the individual veins this plexus gradually lost, and the lacune are 
formed. first several these lie each side the superior 
sagittal sinus, but later life, further stage their development 
(also dependent the growth the granulations) these separate 
cavities become continuous with one another. 

The absence blood clot the laterales suggests that these 
contain under normal circumstances little blood, and probably mainly 
cerebrospinal fluid and projecting granulations. this fluid passes 
from the lacune into the sinus, the pressure the former must 
higher than the latter, and thus the flow blood into the lacune 
prevented. 

regard the arachnoid granulations pathological formations, 
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what amounts the same thing, being the result increased intra- 
cranial tension, would appear error. progressive growth 
throughout life appears one the important characteristics 
the arachnoid outgrowths, though the functional significance this 
continued enlargement not clear. this paper all macroscopical 
arachnoid outgrowths are referred granulations. 


SUMMARY. 

(1) The radiation the cortical veins from the region the insula 
very well marked and persists adult life. The superior 
members this group vessels approach the margin the hemisphere 
right angles, but their terminal portions, most cases, change 
direction before entering the sinus. From observations the changes 
their direction, which occur between the later months life 
and adult life, considered that all these vessels originally entered 
the sinus approximately right angles its long axis. 

(2) With the growth the cerebral hemisphere, there tendency 
towards the separation these vessels into (a) superficial middle 
cerebral system and system veins around the margin the 
hemisphere—the supericr and inferior cortical veins. the case 
some the vessels the separation may complete, but with many the 
continuity the original channel not interrupted, and hence the 
superior anastomotic veins (at least three number) and the inferior 
anastomotic veins (usually two number) persist evidence the 
original arrangement. 

(3) The direction the cortical veins the cerebrum determined 
the growth the cerebral hemisphere. result the growth 
anteriorly the frontal lobe and posteriorly the main mass the 
hemisphere, the direction the terminal portions the superior 
vessels altered, the anterior veins being directed posteriorly and the 
posterior veins coursing obliquely anteriorly they pass the superior 
sagittal sinus. The posterior inclination the inferior veins, they 
pass the transverse sinus, has similar explanation. 

(4) One the members the superior cortical series veins 
found each the precentral, central and postcentral sulci, and 
similarly tributary the superficial middle cerebral vein found 
each the sulci which separate the opercula the insula. 

(5) The statement that birth the laterales are absent, and 
later appear and grow pari passu with the arachnoid granulation has 
been confirmed. has been found that subjects past 


SOME OBSERVATIONS THE CEREBRAL VEINS 503 


middle age the lacune laterales are two number—one being placed 
each side the superior sagittal sinus. 

(6) The lacune laterales serve lateral extensions the lumen 
the superior sagittal sinus over the supero-medial margin the 
cerebral hemisphere the posterior frontal, parietal and sometimes 
also the anterior occipital regions, where the majority the arachnoid 
granulations are found. The floor each lacuna everywhere 
carpeted layer these granulations. 

conclusion should like express indebtedness Professor 
Woollard for suggesting this piece work me, and for his unfailing 
interest and much helpful advice while has been progress. And 


also Miss Stead for the very great care which she has bestowed 
upon the drawings. 
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HEMICHOREA ASSOCIATED WITH LESION THE 
LUYSII. 
JAMES PURDON MARTIN AND ALCOCK. 


1927, one (J. M.) [12], described case which hemi- 
chorea unusual violence and sudden its onset was associated with 
small hemorrhage which had destroyed the corpus Luysii the opposite 
side the brain. The first object the present paper describe 


another similar case. 


The patient, W., was man aged manufacturer’s agent, who was 
admitted the National Hospital, Queen Square, under the care Dr. 
Symonds November 1933. had had illness until the symptoms 
about but examination the time his admission hospital 
showed that his arteries were very his blood-pressure 210 mm. 
systolic and 130 mm. diastolic, and number small had 
occurred the fundus the left His heart was enlarged association 
with the raised blood-pressure and second sound was accentuated 
there were murmurs and the rhythm was normal. 

Seven days before his admission hospital the patient was sitting 
café with his wife and suddenly his left foot began work about 
irregular fashion. The movements ceased after few minutes, but later the 
day arm and the left leg suddenly began make large irregular move- 
ments and these persisted and quickly became very violent. The patient spent 
restless night and because his wild mavements could not keep the bed- 
clothes over him. was seen his doctor the second day. was 
then able talk and gave intelligent history. Violent jerking movements 
the left arm and leg were going on, his arm being thrown times against 
the arm his chair and his foot struck the fender. could exert some 
voluntary control over these movements, and the doctor noticed that could 
take his glasses off and put them happy The patient said 
had headache. was able walk and walked distance about 
500 yards the doctor’s house. the fourth day began have delusions 
and complained people who, imagined, were his room. referred 
events thirty years ago they had recently happened. the fifth day 
was admitted hospital and spent bad night, writhing and frequently 
shouting. the sixth day was rational times but deluded for consider- 
able periods. the seventh day his movements were very violent and his 
breathing began rapid. was rational times and recognized his 
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wife. was admitted the National Hospital, Queen Square, the eighth 
day, but died within few hours his arrival. 

the time his admission the patient’s temperature was normal his 
pulse-rate varied within short period from 90-120; the respiratory rate was 
40-50 for the few hours that was the hospital before died. 

The most striking feature his condition was wild choreic movements 
the left arm and left leg. The movements were irregular and involuntary. 
They usually involved the whole limb and were large amplitude. The left 
arm might momentarily still and then flung off the bed wild manner 
and the left leg might suddenly flexed lifted from the bed rotated. 
Consecutive movements showed resemblance each other. The move- 
ments the arm and leg seemed independent regards time, the leg possibly 
being still for few seconds while the arm was being flung about. Both the 
atfected limbs showed numerous bruises. The movements could controlled 
voluntary effort for few seconds and for that length time the patient 
could lie still. 

talked with difficulty and was times almost inarticulate. was 
normally orientated knew had come hospital; his memory seemed 
fairly good and, although was writhing about bed, was moderately 
alert and attentive and co-operated the examination, that even vibration 
and postural sense could tested. Detailed examination the nervous 
system did not reveal many abnormalities apart from the involuntary move- 
ments already referred to. The optic were normal but were 
present the left retina; the pupils were rather small and were not quite 
equal, the left being the larger; they re-acted light but not very briskly. 
old convergent stabismus the left eye was present, but otherwise the 
ocular movements were normal. Movements the face were symmetrical and 
abnormal movements were noticed the face. Movements the jaw, 
palate and tongue were all normal. the limbs weakness was discovered. 
Tone appeared diminished the left arm, the left hand could thrown 
hit the face but such phenomenon was present the right side; 
there was definite diminution tone the left lower limb. 
movements could carried and the patient was able touch his nose 
with his forefinger, although during the action his finger might suddenly 
thrown the violent movements his arm foot from its goal, 
Similarly heel-knee tests and toe-finger tests could carried out, though with 
wild choreic ataxia. Pin prick was normally appreciated all the limbs, and 
touch and vibration were recognized. All the tendon-jerks were present and 
normal and both plantar reflexes were flexor. 

The diagnosis postulated Dr. Symonds was small hemorrhage 
destroying the corpus Luysii the right side. Death occurred from cardiac 
failure the eighth day from the onset the symptoms. 

was performed Dr. Greenfield forty-eight 
hours later. was noticed that the left arm and leg were covered with 
bruises and and places were quite denuded skin. The heart 
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was very dilated. The aorta was extremely atheromatous and showed some 
general dilatation. the lungs there were some old fibro-caseous tuberculous 
lesions the apices; there was pneumonia. Nothing abnormal was 
observed the liver, spleen, stomach, intestines kidneys. The brain showed 
external evidence softening hemorrhage. The arteries its base were 
very atheromatous, and there was old fibrous clot the left internal carotid 
artery just below the point where branched the formation the circle 
Willis. 


After the brain had been allowed harden per cent. formol-saline 


Fic. 1.—A horizontal section through the upper part the 
the corpus Luysii; minute hemorrhage the thalamus; corpus 
internal 


horizontal sections were made through the cerebral hemispheres and brain-stem 
mm. intervals. small recent about the size pea, was 
found occupying the greater part the right corpus Luysii; part the 
anterior and lateral portion the nucleus was spared and the lesion did not 
touch the internal capsule. There was also minute hemorrhage slightly 
higher level the right thalamus about cm. anterior the posterior com- 
missure. Careful examination the rest the brain did not disclose any 
other lesions. 

order that the extent the lesions might examined detail, blocks 
were prepared including the whole the thalamus, sub-thalamic region and 
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basal ganglia. Those which included the hemorrhages were cut serial 
sections. Examination these showed that the larger hemorrhage occupied 
the site the greater part the right corpus Luysii. extended medially 
beyond the margin this ganglion and involved the zona incerta and 
interrupted Forel’s bundle H.2; did not reach H.1 nor affect the ansa 
lenticularis. sections were examined series from above down- 
wards, was seen section through the highest part the 
capsule the corpus Luysii, but appeared the next section, occupying 
small area the medial half. the succeeding sections rapidly attained 
its full size (figs. 1,2 and 3). was oval horizontal section measuring 


Fic. 2.—A horizontal section through the widest part the lesion margin 
the corpus Luysii remains between the lesion and the internal capsule. hemorrhage 
the corpus Luysii corpus Luysii; internal capsule. 


about mm. mm. its widest part. the medial three- 
quarters the corpus, leaving between the border the lesion and 
the internal capsule margin which, its narrowest part, was about mm. 
(fig. 2). 

the inferior half the corpus Luysii the showed gradual 
decrease size from above downwards, and many the lower sections 
large fraction—amounting probably about half—of the exposed area the 
ganglion, remained intact. The was less oblique direction than 
the corpus Luysii, and consequently the lower part the lesion occupied 
more posterior position the ganglion than the upper, and the largest intact 
mass corpus Luysii was towards its anterior (inferior) pole (fig. 3). 

The ended immediately below Luys’ body, its lower limit 


ORIGINAL ARTICLES AND CLINICAL CASES 


being situated mid-way between the substantia nigra and the red nucleus. 
The lesion did not occupy any part the substantia nigra. 
The hemorrhage the right thalamus was much smaller all dimensions 


and was seen only few sections (fig. 1). 


Fic. 3.—A horizontal section through the lower part the lesion The largest 
remaining portion the corpus Luysii towards its anterior pole. the 
corpus Luysii; corpus Luysii. 


This case reproduces many the features Martin’s [12] case 
which have referred and others which have been recorded. 
Clinically showed the same violence and large amplitude the 
involuntary movements—that severity hemichorea which 
gave the name unusual point which will 
referred later the absence choreiform movement the face. 
Pathologically, the lesion found was smaller than Martin’s case, and 
larger fraction the corpus Luysii was spared lateral 
side; its medial extent was much the same the former case. 
the present instance there was also minute lesion the thalamus, 
but does not seem that any clinical importance can attached 
this. 

The case adds the rapidly increasing body evidence that 
subthalamic lesion damaging the corpus Luysii results in, and has its 
clinical counterpart hemichorea (hemiballismus) the opposite 
side the body. Martin’s search the literature 1927 revealed 
number cases violent hemichorea which the only cerebral 
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lesion found was small subthalamic one similar site and size that 
our case. Such were the cases Fischer Campora [5], 
Pette [16], Canfield and Putnam [6], Economo [7], Jakob 
then cases practically identical with these their clinical and patho- 
logical features have been described Matzdorff [14], Spatz [20], 
Schaffer Chr. Jakob [11], Santha (1928) Pelnar and 
[15], Uiberall Samet-Ambrus [22], Santha (1932) [18]. 
There can consequently little doubt that lesion this site has 

less value than these cases are others which there have been 
found either somewhat larger lesions involving the same structure, 
multiple lesions, one which lay the site referred to. Such among 
older cases are those Greiff Touche [21], Bianchi [2], and 
3remme [4], and the more recent literature those Balthasar 
Bonhoeffer (1930) cases [3], and Wulff 

The lesions destroying the corpus Luysii these cases have been 
the most diverse nature. many instances they were hemorrhages, 
others softenings, several cases small secondary carcinomata, 
those Bianchi [2], Bonhoeffer and Wulff [23] tuberculomata. 

The symptoms many cases have existed for only few weeks 
before death, but other instances they have been present for months— 
nine months that Touche [21], nineteen months Santha’s first 
case five and half months his second Many the 
patients have been elderly least middle-aged, but Blanchi’s [2] first 
patient was lad, aged 18, and Bonhoeffer’s [3] second (1930) child, 
aged 

nearly all cases the symptoms have involved the whole one-half 
the body, but our present case they completely spared the face. Von 
Santha [18] too, described case (his second) which the head and face 
and muscles articulation were unaffected. that instance consider- 
able improvement the patient’s whole condition occurred during the 
first six weeks and the patient lived five and half months. was found, 
post-mortem, that the lesion—a hemorrhage—involved the corpus Luysii 
chiefly dorsally and medially and that the anterior (oral) pole was spared. 
Comparing his two cases Santha argued that there was 
topical relationship between lesions certain portions the corpus 
and chorea parts the body—the antero-medial oral pole being 
associated with the face, the middle part with the upper limb and the 
posterior portion with the lower limb. From what know the 
function other structures the brain likely priori that some 
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such correspondence exists the corpus Luysii. 
our own case the largest intact portion the corpus was towards its 
antero-medial (oral) pole and seems legitimate associate the sparing 
this portion with the absence choreic movement the face. Our 
findings are thus consistent with, and that extent support, Santha’s 


suggestion. 


important that should bear mind that there are the 
literature few cases symptomatic hemichorea with adequate and 
reliable pathological descriptions which the lesions found did not 
primarily involve Luys’s body. the present state our knowledge 
these records assume special importance, and association with 
cases such that which have described they raise certain definite 
questions, the more important which may briefly discussed 
here 

(1) instances such ours, with small subthalamic lesions, the 
corpus Luysii the actual critical structure, damage which has hemi- 
chorea its result 

(2) May hemichorea result elsewhere, i.e. from 
damage structures other than the corpus Luysii (and its emergent 
fibres) 

(3) so, does the chorea resulting the corpus Luysii 
differ from that which results from lesions other structures, and does 
differ from other choreas 

(1) cases such that which have described accumulate 
seems more and more likely that the first question answered 
the affirmative. 

Since attention was directed the importance the subthalamic 
lesion, case hemiballismus has been fully described which the 
corpus Luysii has not been damaged. partial exception this state- 
ment provided case Nikitin’s, mentioned von Santha, but 
first-hand account this case seems have 
The very restricted subthalamic lesion our own case involved, 
addition the corpus Luysii, the structures immediately adjoining 
its medial side, viz., Forel’s bundle H.2 and the zona incerta. 
These latter have admittedly been affected the majority cases 
recorded, but case, which the damage was 
entirely within the corpus Luysii, provides one instance which they 
were certainly intact, and there are others such Fischer’s [8], 
which they were probably undamaged. the case Wenderowic [36], 
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about described, the lesion was the lateral side the corpus 
and remote from these medial structures. essential significance for 
the occurrence the hemichorea can, therefore, attached over- 
flow the lesion beyond the medial margin the corpus Luysii, and 
injury the corpus itself seems the only damage that common 
the various cases recorded. 

The case described Wenderowic [36] requires special mention, 
for our interpretation different from that which Wenderowic him- 
self adopted. irregular hemorrhage extended narrow band 
across the internal capsule and reached the corpus Luysii; had then 
spread antero-posteriorly along the lateral margin the corpus Luysii 
but invaded the nucleus only little. estimated that not 
more than one-tenth Luys’s body was actually destroyed, and, finding 
relatively intact, attributed the chorea the 
internal capsule. clinical course this case was unusual. The 
patient had suffered the beginning from hemichorea extreme 
violence, but the succeeding ten days the movements had lost their 
characteristic fierceness and eventually had almost entirely subsided. 
Now expected that the corpus Luysii, lying the margin the 
lesion and involved it, would first put completely out action 
and would later great measure recover its function. Allowing for 
such recovery may associate the chorea with the disturbance 
Luys’s body and that such view not only brings the case 
into conformity with others but offers adequate explanation the 
course the symptoms. The lesion this case was placed that 
there seemed structures other than the internal capsule and the 
corpus Luysii (and its fibres) disturbance which the symptoms 
could ascribed. 

(2) Does chorea occur result local lesions elsewhere than 
the corpus Luysii (or its emerging fibres) 

One (J.P.M.), writing 1928 [13], expressed the view that 
there was valid evidence that focal injuries above the body Luys 
resulted chorea. began write this present section the 
belief that this view would have modified, seemed that there 
were certain recently recorded cases which, taken conjunction with 
few the older ones, provided sound argument the contrary. 
Critical examination, however, shows that valid evidence this regard 
lamentably scant. 

Wilson described case, the importance which for our 
present argument that showed that the corpus Luysii might 
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found apparently normal patient whom violent hemichorea had 
come suddenly. this instance the involuntary movements were 
eleven years’ duration and the patient was aged years; 
vascular lesion was found which the symptoms could ascribed, and 
Wilson attributed them atrophy the post-central gyrus. The 
changes found being degenerative nature, this case does not strictly 
belong the group are discussing, but its theoretical importance 
apparent. 

case which might important published full that 
Nikitin, already mentioned. The lesion was fairly large one the 
thalamus and ventral border the lesion coinciding with the 
ventral boundary the thalamus, approaches many sections 
within mm. the dorsal surface the corpus subthalamicum (Luysii) 
which left Only brief précis this case available. 

Very similar this earlier case described Lewandowsky 
and Stadelman The lesion was large one involving the lateral 
part the thalamus and the internal capsule; extended down into 
field. corpus Luysii not mentioned, but the pathological 
description the case fairly full, and this nucleus had been damaged 
that fact would probably have been observed and referred to. 

may that lesion the thalamus can give rise hemichorea, 
but not consider that either these cases decisive. both 
instances the lesions came close the corpus Luysii that fibres 
emerging from may have been interrupted, the function the 
ganglion itself may have been impaired circulatory disturbances 
otherwise. For this reason the cases not provide positive evidence 
that damage another structure results the appearance chorea. 

There are also two cases hemichorea with 
described Zannoni and Malan and Civalleri [32]. each 
instance the damage was the upper part the ganglion. neither 
case any illustration given: Zannoni’s account quite inadequate 
and the other too confused have any value argument. These 
writers were not aware the importance the corpus Luysii 
relation hemichorea. 

When review the cases which showed lesions the corpus 
striatum not find much more solid foundation for any conclusion. 
The older cases Vogt [34], Conos and Austregesilo and 
Gallotti are worthless because the inadequacy the patho- 
logical examinations and insufficient attention subsidiary lesions. 
Weil who has contributed the most recent case this group, found 
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changes, apparently primary nature, the corpus that 
his case cannot used discriminate. The same applies the case 
Lloyd and Winkelman [31], for hemorrhage extended across 
the internal capsule and upon the corpus 

The only good evidence supplied the case described 1926 
Fragnito and Scarpini [28]. tkat instance the brain was 
thoroughly and carefully examined. The corpus Luysii 
specifically mentioned the description, but Professor Fragnito subse- 
quently informed one (J.P.M.) letter that had re-examined 
the sections and that the corpus Luysii, champ Forel and medial 
lemniscus were absolutely intact. The patient was old man 80. 
Hemichorea the left side had come suddenly association with 
epileptiform seizure, three years before death, and had persisted. 
affected the upper limb more than the lower. The only lesion found 
the right side the cerebrum was softening the right corpus 
striatum. lay chiefly the medial portion the putamen, extending 
both backwards along the external medullary lamina, and forwards, close 
under the anterior border the interal capsule, affect slightly the 
head the caudate. 

For the purpose our present inquiry this the only important 
case its kind the 

association with such cases will recalled that experimental 
lesions the corpus striatum have entirely failed produce chorea. 
The experiments Kinnier Wilson [37] the lenticular nucleus and 
the later series Delmas-Marsalet [27] the caudate may 
mentioned instance did chorea any symptom comparable 
chorea result from lesion these structures. 

regards chorea attributable focal lesions entirely below the 
corpus Luysii perhaps sufficient state that such case has been 
recorded since 1894—a period thirty-seven years, and the most active 
thirty-seven years the whole history neurology. 
Bonhoeffer [25] described his famous case which the 
cerebello-cerebral theory chorea was founded, and well 
remember that even that case more than one lesion was present. 

The answer the question whether focal lesions structures other 
than the corpus Luysii and its emergent fibres may result chorea 
must simply not few instances the corpus 
Luysii has been found intact, over period many years only one case 
has been described, which seems provide sound evidence that focal 
lesion another structure may give rise chorea. The impression 
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left one’s mind that the very scarcity such cases renders even 
this evidence suspect. 

(3) the chorea associated with destruction the corpus Luysii 
any essential way different from other choreas 

All observers who have described cases hemichorea (hemiballismus) 
associated with destruction the corpus Luysii have been struck 
the extreme violence the involuntary movements and their large 
amplitude. latter character due unusual degree involve- 
ment the proximal portions the limbs. doubtful, however, 
whether either these features denotes any essential difference from 
the involuntary movements that are seen, for instance, 
chorea. 

The movements chorea, far can determine from clinical 
observations and from the analysis cinematographic films, are com- 
pletely irregular and they are free movements, not associated with any 
increase the tone the muscles the affected limbs, and usually 
with some apparent decrease it. such movements increase 
intensity there may appearance change their form. 
mild chorea weak contraction occurring the deltoid not 
raise the weight the limb and consequently, although such con- 
tractions are occurring, abduction the whole limb not pronounced 
feature the involuntary movements, and, fact, may scarcely 
observable. But when the chorea becomes more violent the contractions 
which occur the deltoid are sufticient force elevate the whole 
arm and consequently abduction becomes pronounced 
striking feature. Similar considerations apply movements the 
trunk. Herz made cinematographic studies hemiballismus 
and other forms chorea, e.g. Huntington’s and senile chorea, and 
was unable analysis his films find any difference other than 
the violence the movements, i.e. difference degree and not 
quality. have seen movements abduction the whole arm— 
case 


movements characterized their large amplitude 
Huntington’s hereditary chorea. Because these various considera- 
tions not see any essential difference, but only one degree, 
between the hemichorea cases such have described and chorea 
resulting from other causes. 

There may some advantage employing the special term 
for such unusual and remarkable symptom, but 
intensity hemichorea and not special form it. 
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CONCLUSION. 

describing and discussing this case have not sight the 
wider issues which the subject raises. However interesting in- 
structive the study the underlying lesions chorea may be, well 
that should recognize the limitations this method approach. 
Such material does not help directly discover where how choreic 
impulses arise. If, however, could determine that damage 
certain structures, without gross involvement any others, uniformly 


gave rise would then position investigate the 


subject from the other side and endeavour what structures 
intact order that chorea may occur. Along this road seems 
lie the approach the more fundamental problems chorea. 
Where the impulses arise? what paths they travel? 
what functional system they How they exert their 
influence movement? And, finally, how are they controlled the 
corpus Luysii 
SUMMARY. 

case which violent hemichorea the left side came 
suddenly elderly man: post mortem was found that small 
hemorrhage had destroyed the major portion the right corpus Luysii, 
there was also minute lesion the posterior part the right 
thalamus. 

cases this kind accumulate becomes more and more likely 
that the corpus Luysii the critical structure, damage which results 
hemichorea. 

Reliable evidence that focal damage any other structure the 
brain results hemichorea extremely scanty. 

Hemiballismus consequent lesion the corpus Luysii does 
not, our opinion, differ from other choreas except intensity. 


pleasure express our gratitude Dr. Symonds for the gift 
the pathological material this case, Dr. Greenfield for help its 
Dr. Meadows for clinical notes. 
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THE DISTURBANCES AFTER LAMINAR THERMO- 
COAGULATION THE MOTOR CEREBRAL 


Laboratory Yale University (New Haven, Conn., U.S.A.). 


THE complexity, both structural and functional, the cerebral 
cortex indeed perplexing. The architectonical studies Hammarberg, 
Campbell, Brodmann, Vogt and others, revealing subdivision the 
cortex number layers nerve-cell bodies, are apt make one 
overlook the fact that the histological investigations Golgi, Cajal, 
and others who came after them, have demonstrated that these 
layers are most intricately interwoven. The processes the constituent 
nerve-cells each layer—with the exception the first, the most 
superficial one—ramify extensively into many the other layers, often 
into many four five them. one finds, the one hand, 
indications separation and differentiation functional activity and, 
the other hand, structural evidence close correlation and interaction 
between the various cortical layers. 

are progress unravelling the intricate functions the 
several layers this level the central nervous system, one the most 
obvious ways artificial simplification its structure. accomplish 
this the method laminar thermocoagulation was devised. This 
method allows destroy will any number consecutive layers 
the cortex (starting from the surface), and leave the other (inner) 
layers intact. The principle the method very simple. Local 
application moderate heat the exposed cortex for short periods 
time results destruction the nervous tissue; using different 
the depth the destruction, and thus produce laminar lesions. 
two seconds destroys the nerve-cells the outer two layers; 70° for 
three four seconds results death the outer three four 
the thermode, heated applied for five seconds all the 
nerve-cells throughout the whole thickness the cortex are killed. 


Preliminary Report Naturwissenschaften, 1934, No. 10. 
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The histological preparations the lesions produced this method 
laminar thermocoagulation show invariably remarkably sharp bound- 
aries the lesions. the acute preparation (survival period two 
weeks) they reveal themselves circumscribed areas devastation, 
which after survival period less than forty-eight hours all nerve- 
cells have disappeared, sharply delimited from the surrounding normal 
cortical tissue. The continuity the surface the cortex unbroken. 

For full description the method and the lesions the reader 

two these papers [3, was shown that apparently normal 
motor reactions can obtained from the motor cortex electrical 
stimulation after destruction its outer three layers.' such acortex 
the only layers present intact are the inner two layers, the layer the 
large and giant pyramidal cells and that the multiform cells. The 
excitability often found perfectly normal, i.e. the threshold for 
monopolar faradic stimulation after the destruction the outer three 
layers the same before the laminar thermocoagulation. Further- 
more, evidence was produced indicating that the reactions from the 
motor cortex are all probability elicited the direct electrical excita- 
tion the bodies the large and giant pyramidal cells the fourth 
layer, and that the normal cortex, when the outer three layers are 
also present, neither the direct electrical excitation the dendritic 
processes these cells ramifying the upper cortical layers, nor the 
excitation the nerve-cells these superficial layers the 
elaboration the stimulatory cortical reactions. least experi- 
mental evidence was met which favoured the view that the superficial 
layers play 

Faradic stimulation the cortex very useful method investi- 
gation, but one should always realize that fundamentally rather 
crude means functional exploration such highly complex structure 
the cerebral cortex is. this reason, and regard the experi- 
mental results mentioned above, became interest compare the 
monkey the disturbances following thermocoagulation the whole 
thickness the cortex the motor arm area (80°C. for five seconds) 
with the clinical picture following destruction thermocoazulation 


scheme the structure the cerebral cortex adopted here that Brodmann, 
although the writer fully aware the various criticisms which have been brought against 
it. The main reason for adhering this scheme practical one, the consideration that 
the fundamental and still most widely known conception the structure this level the 


nervous system. 
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the outer three layers the cortex over the same area (70° for three 
seconds). 

Fig. represents diagrammatically the right hemisphere the brain 
monkey which the exposed portion the precentral 
arm area, which was thermocoagulated these two series experiments, 


indicated. 

Series the whole thickness the cortex 
the precentral arm area. The clinical picture these monkeys 
essentially the same after surgical extirpation this area: total 
paralysis the contralateral arm for number days, which gradually 


Fic. 1.—Precentral arm area surface right hemisphere monkey 


subsides until after three four weeks motor disturbances, are longer 


detectable. 
The following protocol illustrative 
Monkey. 

February 28, 1933. 

Ether Sterile exposure large portion the surface 
the right hemisphere with skin, bone and dural flaps. Thermo- 
coagulation the whole precentral arm area, far lies 
the surface the brain, for five seconds. This done 
multiple contiguous applications the thermocoagulator, heated 
80° C., each time for five seconds. The cortex over the heated 
area has totally bleached appearance. 

The wound closed the usual way, the regular separate stages. 

15.30 Animal back cage. 

15.45 Monkey hopping around. arm extended and without any 
motion. Animal can stand both legs, although occasionally 
tends tip over the left side, but immediately checks such 


falling movements. 


All data irrelevant the problem hand, such electrical stimulations, are 
omitted from this and the following protocol. 


j 
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24.00 entirely recovered from narcosis. Walking around. 
longer any fall over the left side. Uses left hand 
and arm walking. Does not use hand defence, pick 
food The left arm held less extended than this 
afternoon. Occasionally, when the animal sits quietly, the left 
hand put down abnormal positions, e.g. with the fingers flexed 
that the dorsum the last two phalanges touches the floor 
the usually, however, the hand put down quite normally, 
resting its palm. During walking the left hand always put 
down normally, least long the observation continued, 
i.e. for over half hour. 

March 

the animal uses less than the right upper extremity, often 
picks grape with the left hand, takes hold stick which 
pushed into the cage. The monkey also uses the left hand 
push food out his left mouth pouch into the mouth. The left 
arm readily bent now various movements. 

March 

9.00 Animal uses his left arm much less than yesterday. has only 
once been seen use this arm grasp stick which was pushed 
into the cage; the animal does not pick food with it. Uses 
left arm normally does not put down abnormal 
positions. 

92.00 Same picture this morning. 

March 

9.10 There little improvement to-day, far the animal 

occasionally uses the left hand grasping fruit. 
March 

uses his left arm and hand better than yesterday. Picks 
grapes with it. Uses quite well climbing; hangs from 
ceiling with both feet and left arm. Once hangs left 
arm only before jumping down the bottom cage. Monkey 
uses left arm definitely less than right one. Empties his left pouch 
with left hand, pushing dorsum hand normal way against 
cheek. Movements left arm walking are normal. 

14.30 Wound healed primary intention. Re-exposure the right hemi- 
sphere. The thermocoagulated area sharply defined slignt 
yellowish discolouring the cortex. Along the sulcus centralis 
very narrow strip cortex, less than mm. wide, normal 
appearance. From few points this strip cortex some 
movements the thumb, fingers and wrist can still elicited 
monopolar stimulation coil distance (very strong stimulus). 
Immediately inside the heated area, only mm. away from the 
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excitable points inside the narrow strip cortex along the sulcus 
centralis, the cortex found silent, even em. coil 
distance. 

Animal killed ether. Brain per cent. alcohol for subse- 
quent histological examination. 

other similar experiments, the stage paralysis the arm 
contralateral the thermocoagulation lasted for six nine days; then 
gradual rapid recovery became evident, that three four weeks 
motor disturbances were longer detectable. 

Series this series the cortex the surface the precentral 
arm area was thermocoagulated, but only 70°C. for three seconds, 
which destroys only the outer three layers. The following protocol may 

rhesus. 

April 1933. 

14.10 Ether Exposure large portion the surface the 

right hemisphere under sterile conditions the usual way. 

14.25 Cortex the whole precentral arm area the surface the 
hemisphere thermocoagulated multiple, contiguous applica- 
tions thermode for three seconds. This destroys the 
outer three layers this area. Closure the wound three 
stages. Operation finished 15.55. 

17.00 hopping around cage. Alert. Uses left hand much 
right one. There perhaps slight clumsiness the 
movements the fingers, skinning banana picking fleas. 
all other movements, not only shoulder and elbow, but alse 


the fingers, disturbances cannot detected. 
20.00 motor disturbanees are observable. the finest movements 
are executed with apparently normal precision. 
April 5. 
9.00 Animal excellent condition. Alert. Aggressive. disturbances 


detectable left arm. 
April 14. Wound healed primarily. Animal excellent condition. 
disturbances have ever been observed after the first day. 
11.00 Animal killed with ether. Brain per for future 


histological examination. 


this experiment very mild motor disturbances, i.e. very slight 
clumsiness the finer movements the contralateral hand, were 
observable for few hours. Three hours after the laminar thermo- 
coagulation these very slight symptoms motor deficit were still 
noticeable. Six hours after the destruction the outer three layers 
these symptoms had disappeared and trace any disturbance could 


me 
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detected. another monkey symptoms could noticed even 
two three hours after the laminar thermocoagulation, others the 
slight symptoms motor deficit lasted little longer. The longest 
period through which such scanty, rapidly decreasing symptoms 
impairment the execution finer movements the contralateral 


hand could detected has until now been seventeen hours. 


DISCUSSION. 

The results these two series experiments are clear cut. the 
first series, which the whole thickness the precentral cortex the 
arm area the surface the hemisphere was thermocoagulated, 
typical severe symptoms motor deficit appeared. Initially total 
paralysis the whole arm was apparent, gradually subsiding through 


Precentral Postcentral 


E 
= 


Fic. 2.—Diagram showing depth lesion precentral arm area fig. thermo- 


coagulation. series zones and were destroyed, series only zone that the 


outer three cortical layers, was destroyed. 
stages partial paralysis, until about two three weeks all 
symptoms had disappeared. 

This essentially the same clinical picture after surgical extir- 
pation the whole precentral arm area, except that the period total 
paralysis well that partial paralysis shorter with the thermo- 
coagulation method. This difference is, all probability, mainly due 
the fact that with the thermocoagulation method part the cortex 
the precentral arm area, about one-fifth the area the surface, 
one-sixth the total area, left behind undamaged the anterior 


wall the central sulcus (see fig. 2). 
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The limitation this method thermocoagulation, least its 
present form, that only the cortex lying the surface the hemis- 
phere can reached. Several times the attempt was made include 
those portions the cortex hidden the depth the larger sulci 
these up. But, might have been expected beforehand, 
without success, because the opening these sulci cannot done 
without serious injury the large blood-vessels running along the larger 
sulci. This obviously results severe, uncontrolled damage the 
cortex supplied these blood-vessels. for the present the 
method laminar thermocoagulation can used satisfactorily only 
those portions the cortex which are readily exposed the surface 
the hemisphere. 

The exposed surface the precentral arm area the brain repre- 
sented fig. (life size) measures with the planimeter 250 square mm. 
The part the precentral cortex the anterior wall the central 
sulcus measures about this area about are 
destroyed the case the thermocoagulation the outer three layers, 
and about the thermocoagulation involves the whole thick- 
ness the cortex. Thus about mm.’ undamaged 
precentral cortex, hidden the central remains. 

Another factor which might also responsible some extent for 
the shorter duration the symptoms after thermocoagulation, that 
this method, although killing the cortex, does not produce any the 
complications inevitably accompanying surgical lesions, such 
rrhages, retraction tissue and scar the cortex [6]. 

the second experimental series, with thermocoagulation the 
outer three layers the precentral arm area, the striking result the 
absence any the severe paralytic symptoms the first series 
experiments, and that, any signs motor impairment are observable, 
they are very mild, confined only slight clumsiness the finer 
movements the contralateral hand, and disappear within few 
hours. 

These findings lead the conclusion that the severe motor symptoms 
after destruction the whole thickness the motor cortex are due the 
destruction the inner two layers. the results the stimulation 
experiments after laminar thermocoagulation are taken into considera- 
tion, not improbable that this conclusion could narrowed down 
still further, namely, that the severe motor symptoms after destruction 
the whole thickness the motor cortex are due the destruction 
the (fourth) layer large and giant pyramidal cells. This, however, 
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yet only probability, and the absence precise data pertaining 
this point, restriction the first given conclusion seems advisable. 

addition the above positive conclusion still another, comple- 
mentary the first one, can drawn, namely, that the absence 
severe motor symptoms deficit after destruction the three outer layers 
due the fact that the inner two cortical layers are left intact. 
This tends show that these inner two layers the motor cortex can 
act independently the outer three layers, and effect adequate 
motility. 

Corroborating this conclusion finding obtained aiong another line 
research. experiments action currents the cortex, which 
will published elsewhere, was found that the action 
currents which can derived from various portions the cortex, and 
amongst these from the motor cortex (even deeply anzsthetized 
anima!), are still present, though modified more less typical way, 
after laminar thermocoagulation the outer three layers. This obser- 
vation shows that the inner layers the cortex, even under these 
experimental conditions, are continuous activity. 

This functional independence the inner two layers the motor 
cortex the outer layers, resulting apparently normal motor control, 
becomes the more interesting when one cognizant the recent studies 
Lorente the structure the cerebral cortex. According 
the the entorhinal region receives three types afferent 
tibres all ending the outer three layers; the large pyramidal cells 
this cortex receive all afferent impulses from the subcortical centres and 
from other cortical areas through the intermediary the outer three 
lavers. corticopetal fibres not give off any branch before they 
enter the third layer. Within the third and second layers they give 
rise complicated arborizations which establish only scarce contacts 
with the ascending protoplasmic shafts the deep pyramidal cells, but 
very numerous synaptic contacts with the intercalating neurones 
these superficial layers, and thus indirectly with the 
zontal dendrites the large pyramidal cells the inner layers. 

Consequently these large pyramidal cells have only very limited 
number contacts with the afferent fibres themselves; far the 
greatest number their synaptic connections established through 
intercalating neurones the superficial layers. Dr. with whom 
had the opportunity discuss the results experiments, stated 
that this structural feature the regio entorhinalis true also for the 


motor cortex. 
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one accepts these statements the conclusion would seem 
that the activity the inner two layers, after destruction the outer 
layers, great extent independent impulses travelling along the 
afferent fibre systems just mentioned. The question then immediately 
arises how the activity these inner two layers brought about. 
Rather than speculate upon this interesting point, which difficult 
answer satisfactorily present, prefer restrict this paper the 
experimental facts and the immediate conclusion which they seem 
warrant. 

This conclusion that the experiments reported this paper, 
themselves and combination with the outcome the stimulation 
experiments after thermocoagulation the outer three layers the 
motor cortex reported previously, show that the inner two layers this 
cortex can react and act independently the outer three layers. 

The facts upon which this conclusion based are: (1) absence 
the three outer layers the electrical stimulation the inner two 
layers elicits apparently normal motor reactions; (2) the preservation 
and functional activity the inner two layers the unanesthetized 
monkey, after destruction the cuter layers, suffices restore almost 
immediately apparently normal motility. 


SUMMARY. 


(1) The destruction thermocoagulation the whole thickness 
the cortex the precentral arm area the surface one hemisphere 
the monkey results paralysis the contralateral arm. This 
paralysis lasts for few days, then gradually subsides. After two 
three weeks all noticeable motor disturbances have disappeared. 

(2) The destruction the outer three layers the cortex this 
same area results most very slight symptoms motor impairment 
the finer movements the contralateral hand. some monkeys 
symptoms deficit can detected all, most the animals 
they are noticeable. When present, these mild symptoms are always 
very some monkeys they can observed for few hours 
only; the longest period through which they could observed, was 
seventeen hours. After this variable period all movements are 
apparently entirely normal. 

(3) From these results concluded that the severe symptoms 
motor impairment following destruction the whole precentral cortex, 
either thermocoagulation surgical procedure, are due the 
destruction the inner two layers this cortex. 
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(4) The preservation and functional activity these two layers 
the monkey (Macacus) suftices restore almost 
immediately apparently normal motility. 
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The Brain and its Mechanism. Sir CHARLES SHERRINGTON. 
The Lecture. Cambridge University Press. 
ls. 6d. 

his Rede Lecture, Sir Charles Sherrington has distilled for 
quintessence his life’s work, and has fragrance and delicacy worthy 
alike its author and its subject. 

30th the neurologist and the psychologist must profit from the careful 
consideration what has say, for deals with incomparable know- 
ledge with that borderland their respective territories that ill defined 
and disputed, namely the relation mind and brain. 

With exceptions, the psychologists have sought erect high barrier 
here though they could not bear face the complexities and difficulties 
the physiology organ and were trying vainly hide from 
them. the other hand, the neurologist will not readily admit that any 
frontier should exist, but shrinks from bold advance into the tangled 
undergrowth verbiage which the modern psychologist spins profusely 
his intricate webs speculation. not possible here summarize what 
already summing master, but the neurologist will take courage from 
the modest but courageous approach which Sir Charles Sherrington here makes 


the subject. 


Paris: Masson Cie. 1934. Pp. 633. Price 

The neurologist will this collection the long and fruitful labours 
this French master clinical neurology. their value 
unnecessary this time speak, but addition their content the reader 
will delight the lucidity and economy these writings. 

particular historical interest the little paper which Babinski first 
reported that des which has made his name integral 
part neurological terminology. Many less significant discoveries have, and 
are still being, presented the neurological world much greater length. 

The wide range Babinski’s labours may come surprise those 
younger generation. The nosography every aspect disease the nervous 
system, treatment and pathology are all nobly represented, well notable 
contributions the study hysteria. 

The volume assured warm welcome wherever neurology studied. 
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Illustrations Regional Anatomy. Nervous System. 
Plates. 7s. 

The authorsays preface that the plates here reproduced are para- 
phrases the blackboard diagrams that have illustrated his 
his old students they recall delightful hours the anatomy class 
Edinburgh, and all they have the value inherent beautiful and exact 
drawings. The plates are collected loose leaf cover, that they can 
used whatever order the worker prefers. Another welcome innovation 
that the arteries and veins the brain are fully illustrated, not only 
the surface but even the sections. The diagrams horizontal sections 
the brain-stem and cord and the motor and sensory paths are perhaps 
less successful. The neurologist would like series plates, least 
numerous those dealing with the macroscopic anatomy, illustrate the 
nuclei and fibre systems the central nervous system, but these needs are 


not shared the undergraduate for whom the atlas prepared. 


Price £2. 

The second volume Professor Puusepp’s treatise the surgical neuro- 
pathology the nervous system devoted the vertebral column and the 
spinal cord. Though written from surgical angle really compre- 
hensive textbook diseases these parts, for deals detail with many 
conditions which lie within the sphere operative intervention 
other surgical activity. The plan the book suggests that intended for 
surgeons who have had little experience training neurology, for the first 
pages are concerned with the minute anatomy and the physiology the 
the section deals with the pathology the cord and its mem- 
branes, and followed third section over pages the physiology 
and pathology the cerebrospinal fluid. These sections are admirably 
written and though the reader may unable accept many statements 
hypotheses presented them they are worthy every student’s attention. 
perusing them, however, the question constantly arises whether these 
fundamental subjects would not better dealt with separate monographs. 
The next chapters the symptomatology and localization spinal lesions 
much shorter, and many respects disappointing. That operative 
technique occupies less than the nearly 700 pages the book, but 
sound and reliable. 

The most interesting and valuable pages are the 200 which diseases and 
injuries the vertebral column are described. The clinical and the patho- 
logical features its commoner affections and injuries, well rarer forms 
spondylitis, are treated such detail from the author’s own experience and 
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survey the literature that difficult any monograph which 
the student these conditions could more safely referred. The following 
sections are traumatic lesions the cord, disease its membranes, 
intra- and extra-medullary tumours and syringomyelia. The author, who 
claims have originated the surgery the latter disease, warm advocate 
its operative treatment apparently unknown him that more than 
thirty years ago Horsley practised systematically what now recommends. 
This volume bears the stamp its extensive experience and skill, 
and can strongly recommended wider circle readers than 
primarily intended for. copiously illustrated and provided with 


excellent index. 


der topischen Gehirn-und Riickenmarksdiagnostik. Von 
Berlin: Urban und Schwarzenberg. Aufl. 266. 
Price Rm. 


Since this Compendium was last ndticed this Journal, two new editions 
have appeared, the present being the ninth. Without notably increasing its 
size, the author has sought keep the book abreast modern knowledge. 

expressly stated the introduction, the book based upon the applied 
anatomy and physiology the nervous system, and probably owes its 
justly considerable popularity the accuracy and lucidity its anatomical 
sections. respect these, remains the best available work its kind. 

may questioned, however, whether modern neurophysiology has ever 
been quite embodied the Compendium, for not enough 
add short references new views, the old are not corespondingly modified 
or, abandoned. particularly the matter dealing with the 
reflex phenomena spinal cord lesions that these criticisms may said 
apply most nearly. The account these lacking clarity the flexed and 
extended types spastic paraplegia are not described nor the factors under- 
lying their appearance discussed. Indeed, they find bare mention under the 
mention made inversion the radial reflex (Babinski) lesions involving 
the fifth cervical segment, and this inversion wrongly described (p. 33) 
characteristic pyramidal lesions. 

The section cerebellar functions includes statement that the spino- 
cerebellar pathway conveys impulses underlying the 
cerebellum, and the whole section takes little account the advances the 
past twenty-five years. 

That nine editions the Compendium have been for since its first 
appearance 1909 indicates its usefulness and popularity, and were 
brought thoroughly date its physiological sections its author might 
confidently look for another quarter century’s life for it. 
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Springer. 1934. $.106. Price Rm. 8.80. 


this interesting and well-documented monograph, the has 
collected from the literature large number cases intracranial tumour 
which history head trauma was obtained. Healso includes exhaustive 
clinical and pathological report three personally observed cases. 

There reasoned discussion the the author comes the 
conclusion that head injury must accepted not uncommon factor the 
production intracranial tumours. 

study the monograph essential all interested this difficult 


problem. 


Les Tumeurs Loge cérébelleuse. Par Th. 
GUILLAUME. Paris: Doin Cie. 454. Price 
fr. 


The chief interest this monograph written from the personal 
experience two well-known surgeons. The first 180 pages are devoted 
the symptomatology and the differential diagnosis tumours the posterior 
fossa the skull, long chapter surgical technique follows and the rest 
contains the clinical and post-mortem records selected cases. The 
descriptions the symptoms produced these tumours, and especially 
those resulting from cerebellar lesions, add little what contained most 
textbooks and familiar practising neurologists. more direct and simple 
statement their own clinical experiences would have been more instructive 
than the lengthy reviews they give the opinions others, but these chapters 
are certainly not without value. They propose revolutionary innovations 
operative methods, and their results seem justify those which they 


adopt. 


Physiology the Central Nervous System and Special 
Bombay: Ideal Books Co., London: Lewis. 
1934. Sixth Edition. Pp. 10s. 


From modest beginning this book has grown successive editions 
large textbook, perhaps too large for its purpose. admittedly only 
compilation intended for students and naturally shows the defects that 
volume written from such sources rather than from personal must 
inevitably have, but presents information concise and easily studied 
form will prove useful those preparing for qualifying and post-graduate 
examinations. several chapters information summarized tables and 
illustrated simple diagrams which facilitate study. Some the fundamental 
work nervous physiology neglected and many statements cannot pass 
question, especially when the author refers the clinical applications 
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physiological facts and when attempts explain more than the present 
state our knowledge justifies. But the whole the book, which well 
written, can safely recommended those entering the study the 


nervous system. 


fiir die Lokalisation. 
ScHULLER und Leipzig und Wien: 
Deuticke. 1934. Price Rm. 


The object the authors this small brochure, well-known radiologist 
and neurologist, facilitate the localization cerebral lesions visible 
X-rays, and the accurate determination the topographical relation the 
brain injuries and other affections the skull. For this purpose they 
provide drawings series sections the head which the more 
important structures the brain are indicated, and diagrams surfaces the 
brain contained within the skull. The orienting line they adopt passes through 
the upper margins the and the external auditory meatus. 


The Patient and the Weather. PETERSEN. Ann Arbor: 
Edwards Bros. 1934. Price dollars. 


line approach knowledge can neglected, and important acquisi- 
tions have often come from unexpected and over-overlooked sources, but 
anyone employing these may demanded that his facts are accurately 
determined and that bis reasoning does not pass beyond what the facts warrant. 
This volume contains large collection observations, but many the con- 
clusions drawn from them will require critical reconsideration, and the author’s 
thesis unfortunately marred much uncritical theorizing and the use 
vague and indefinite speaks, for instance, the inhabitants 
certain American States autonomically unstable individuals,” assumes that 
others “the protoplasmic mass and describes the 
autonomic system cosmic resonator.” 

volumes, the first which will deal with the response normal individuals 
the meteorological environment, and the second with the effects meteorologi- 
cal changes unstable persons. the author deals with the influence 
weather and other environmental factors mental and nervous disease. 
has thrown his net wide that not possible refer short review 
all its contents. Most the observations were made patients large 
hospital. 

His main thesis that there are two physiological phases which are partly 
least dependent weather the one which labels anabolism, 
alkalinity, vascular spasm and predominate; the other, 
characterized catabolism, oxidation, and dilatation blood-vessels. 
produces statistics show the increase certain psychoses some months 
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the year, and points out that there may seasonal variations others, 
the manic-depressive forms. 

Many alterations are, assumes, actually initiated meteoro- 
logical events and even goes far suggest that these may play part 
embryonic life. Weather may also influence the occurrence symptoms 
organic neurological disorders, tabes dorsalis and disseminated sclerosis, 
while poliomyelitis due invasion virus tissues which vascular 
spasm determined weather has produced area 

The book contains large number meteorological charts and other illus- 
trations. order reduce the cost production litho printing has been 


employed. 

Ponction cisternale (ponction Par Mariano 
and Luis Paris: Doin and Cie. 

This little monograph Buenos Aires serves useful purpose bringing 
our knowledge method performing cisternal puncture which the authors 
have devised and used over 2,000 cases. This depends exact measure- 
ment the depth the dura mater from the skin from the distance 
sagittal plane from the point entry the needle the anterior border 
the tip the mastoid processes. From this distance cm. are deducted 
the male and the female. The only extra apparatus required for this 
technique small metal square graduated millimetres. The authors claim 
that this method almost completely eliminates the risk pricking the cord 
the larger vessels round it. There also full description the anatomy 
the suboccipital region, illustrated excellent drawings. The later chapters 
the uses cisternal puncture and the physiology the cerebrospinal fluid 


add little our knowledge. 
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